TTTOB OF Ttf S INVENTION 

PROCESS FOR PRODUCING AN ELECTRODE MATERIAL FOR A 
RECHARGEABLE LITHIUM BATTERY, AN ELECTRODE STRUCTURAL 
5 BODY FOR A RECHARGEABLE LITHIUM BATTERY , PROCESS FOR 

PRODUCING SAID ELECTRODE STRUCTURAL BODY, A RECHARGEABLE 
LITHIUM BATTERY IN WHICH SAID ELECTRODE STRUCTURAL BODY IS 
USED , AND A PROCESS FOR PRODUCING SAID RECHARGEABLE 

LITHIUM BATTERY 

10 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a process for 
producing an electrode material which can be desirably 

15 used in the production of a rechargeable lithium 
battery in which oxidation -reduction reaction of 
lithium (comprising oxidation reaction of lithium and 
reduction reaction of lithium ion) is used (this battery 
will he hereinafter referred to as rechargeable lithium 

20 battery for simplification purpose), an electrode 
structural body using said electrode material, a 
rechargeable lithium battery whose electrode comprising 
said electrode structural body, a process for producing 
said electrode structural, body. and a process for 

25 producing said rechargeable lithium battery- More 
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generators in thermal electric power plants or the like, 
wherein a surplus power unused in the night is stored in 
rechargeable batteries installed at general houses and the 
power thus stored is used in the daytime when the 
demand for power is increased, whereby the power 
consumption is leveled. 

Now. for electric vehicles which do not exhaust anya'r 
polluting substances such as CO a , NO x , hydrocarbons and the 
like, there is an increased demand for developing a high 
performance rechargeable battery with a high energy density 
which can be effectively used therein. Besides, there is 
also an increased demand for developing a miniature, 
lightweight , high performance rechargeable battery usable 
as a power source for portable instruments such as small 
personal computers, word processors, video cameras, and 
cellular phones. 

As such miniature, lightweight and high 
performance rechargeable battery, there have proposed 
various rocking chair type lithium ion batteries in which 
a carbonous material such as graphite capable of 
intercalating lithium ion at intercalation sites of its 
six-raembered network plane provided by carbon atoms in the 
battery reaction upon charging is used as an anode 
material ana a lithium intercalation compound capable of 
^intercalating said lithium ion from the intercalation 
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Now, rechargeable lithium batteries in which a 
metallic lithium is used as the anode have been proposed 
and they have attracted public attention in a viewpoint 
that they exhibit a high energy density. However, such 
5 rechargeable battery is not practically usable one 
because its charging and discharging cycle life is 
extremely short . A main reason why the charging and 
discharging cycle life is extremely short has been 
generally considered as will be described in the 
10 following. The metallic lithium as the anode reacts with 
impurities such as moisture or an organic solvent 
contained in an electrolyte solution to form an Insulating 
film or/ and the metallic lithium as the anode has an 
irregular surface with portions to which electric field is 
15 converged, and these factors lead to generating a dendrite 
of lithium upon repeating the charging and discharging 
cycle, resulting in internal -shorts hetween the anode and 
cathode. As a result, the charging and discharging cycle 
life of the rechargeable battery is extremely shortened. 
2 0 wben the lithium dendrite is grown to make the 

anode and cathode such that the anode is internally 
shorted with the cathode as above described, the energy 
possessed by the battery is rapidly consumed at the 
internally shorted portion. This situation often creates 
problems in that the battery is heated or the solvent of the 
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electrolyte is decomposed by virtue of Heat to generate 
eras, resulting in an increase in the inner pressure of the 
battery- Thus, the growth off the lithium dendrite tends 
to cause internal- shorts between the anode and the 
5 cathode whereby occurring such problems as above 

described, where the battery is damaged or/ and the lifetime 
of the battery is shortened. 

in order to eliminate the above problems for such 
rechargeable battery in which the metallic lithium is used 
10 as the anode, specifically, ^ order to suppxess the 

Pr ° 9re5S ° f tlle taction between the metallic lithium of 
the anode and the moisture or the organic solvent contained 
±n the electrolyte solution, there has been proposed a 
method of using a lithium alloy such as a 
15 lithium-aluminum alloy as the anode. However, this method 
is not widely applicable in practice for the following 
reasons. The lithium alloy is hard and is difficult to 
wind into a spiral form and therefore, it is difficuit to 
produce a Spiral-wound cylindrical rechargeable battery. 
20 Accordingly, it is difficult to attain a rechargeable 
battery having a sufficiently long charging and 
discharging cycle life. Xt±s also dif£i cu it to attain a 
rechargeable battery having a desirable energy density 
similar to that of a primary battery in which a metallic 
25 lithium is used as the anode. 
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Japanese Unexamined Patent Publications Nos. 
64239/1996, 62464/1991. 12768/1990. 113366/1987, 15761/1987 
93866/1987. and 78434/1979 disclose various metals, i.e., 
Al. Cd, in, Sn, Sb. Pb. and Bi which are capable of forming 
an alloy with lithium in a rechargeable battery when the 
battery is subjected to charging, and rechargeable 
batteries in which these metals, alloys of these metals, or 
alloys of these metals with lithium are used as the anodes . 
However, the above-mentioned publications do not detail 
about the configurations of the anodes. 

By the way. when any of the foregoing alloy 
materials i s fabricated into a plate-lifce form such a* a 
foil form which is generally adopted as an electrode of 
a rechargeable battery and it is used as an anode of a 
rechargeable battery in which lithium is used as the anode 
active material, the specific surface area of a portion 
in the anode's electrode material layer contributing to 
the battery reaction is relatively small end therefore, the 
charging and discharging cycle is difficult to be 
effectively repeated with a large electric current. 

Further, for a rechargeable battery in which any 
cf the foregoing alloy materials is used the anode, there 
are such problems as will be described in the following. 
The anode is expanded with respect to the volume because 
of alloying with lithium upon charging and shrunk upon 
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discharging, where the anode suffers from repetitive 
variations with respect the volume. Because of this, the 
anode has a tendency that it is eventually distorted 
and cracked. In the case where the anode becomes to be in 
such state, when the charging and discharging cycle is 
repeated over a long period of time, in the worst case, the 
anode is converted into a pulverized state to have an 
increased impedance, resulting in shortening the charging 
and discharging cycle life. Hence, none of the rechargeable 
batteries disclosed in the above-mentioned Japanese 
publications has been put to practical use. 

TJX EXtended Abst racts WKD-2 (na^s 69-79) ^ 
INTERNATIONAL MEETING ON LITHIUM (hereinafter 
referred to as document 1), there is described that by 
electrochemically depositing a Sn or a Sn-alloy on a 
copper wire having a diameter of 0.07 mm as a collector, an 
electrode having a deposited layer comprising a grained 
tin material with a small particle size of 20O to 400 nm 
can be formed, and a cell in which the electrode having 
SUCh deP °^ ited * thin thickness of about 3 um 

counter electrode comprising a lithium metal are 
used has an improved charging and discharging cycle life. 
Document 1 also describes that in the evaluation 
wherein a cycle of operating charging up to 1.7 Li/Sn 
(one atom of Sn is alloyed with 1.7 atoms of Li) at a current 
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denaity ° f °- 25 operating discharging up to 

°- 9VvSli/lit is ^peated. an electrode comprising a 
fine-grained Sn material with a particle size of 200 to 
4O0 nm. an electrode comprising a Sn o .. lA g 0 .„ ai loy and ^ 
electrode comprising a Sn 0 . 72S b 0 . 30 alloy were greater than an 
electrode comprising a coase-grained Sn alloy Serial 
with a particle size of 2000 to 4000 nm deposited on a 
collector comprising a copper vire having a diameter of 1.0 
mm obtained in the same manner as in the above, in terms 
of the charging and discharging cycle life, 
respectively by about 4 times, about 9 times, and about 11 
ti^es. However, the evaluated results described in 
document 1 are of the case where the lithium metal was 
used as the counter electrode and therefore, they are not 
evaluated results obtained in practical battery 
oonfigu rat::Lons . In adaltion , tlie forego:Llig electrodes 
-re those prepared by depositing such grained material as 
abOVft * eSC:3r±bed ° n collector comprising a copper wire 

Wing a diameter of 0.07 and therefore, any of them is not 
of a practically usable electrode form. Further in 
addition, according to the description o f document 1 jn 
the case where a Sn alloy is deposited on a large area 
having a diameter of 1.0 mm for example, it is understood 
that there i s afforded an electrode having a layer 
comprising a coarse-grained tin alloy material with a 
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parole si2 e of 2000 to 4000 ». However, tor this 
eXeotrode. the XXreti™ as e battery wxxx be e^eXy 
shortened. 

Japanese Uae^^inea patent p ublioations Ms 

i 9 o 171/19B3 . 473ei/19 „, ll4057/19ga md 13264/i9 ; s 

dxecXose rec^^ litlliuin ^ ^ 

UtM ™" all ° yS «- — * « the anode*. In th . se , 
PUblloation*. th ere are de.c*bed that these 
~=W 9 eabXe XXthX™ ta «« ie , pwent depoaitXon o f 
lithium dendrite and nave * n 

M - 4 ^ charging efficiency 

and an improved chargino Rrir , , 

^ 9 and dischargiag cycle life. 
-apan.se DneMMjled yataat publicatton ^ 2345E5/1993 

ai3 =Xo ses . recharge x.thx™ battery hav ing en anode 
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111X5 "^..bl. Xithl^, battery 
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However, any of the anodes de scr i W ^ tnR 
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prolong tlle chargijig ^ , ischarg±ng ^ 

°f the rechargeable lithium batrery. 

Japanese Unexamined p atent Pllt>ls . oat:Lon ^ 
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UM7/U.. llKkM a r^hargeabie utllium bartery 
a Xithi™ a!lo 7 obtain b y e!.^^ 
aiXoyi^o „ aaorphona „ etal COT5 , rlsing „ plate . lik(s 
—in. aXio y aa a nain exaopXe with UtM. ls useQ as tlle 
anoa«. Ibis plication ammaramm ^ this recWaeabie 
lithi„„ battery .,c=el s ^ charge-cischarge 
cha.acta^tics. HoweV er. a = MMIo9 to the teohniqM 

,«~ ib .a in th ls potion. tt ls diffieull: to reai 
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Japaneae On^aralnea Patent Publication No 
223221/1996 discloses a t-^t, 

w h s „ r6Cllar9eable li^ium battery in 

which a low crystalline ox- amorphous inteimetal ! i 
of an element elected rrc,™ compound 
». «*. Sn, and Zn i s Qsed as tne ^ Th±s ^ 

capacity and excels m cvri^ 

in cycle characteristics. However it 

" - ^ust.iai.y produce auch lw 

e^taXline or intexmetall±c ^ 

P 7 iCe ' ACCOrd±ng t0 **chniaue described in 

Publication, it is difficult to reali, 

„^ . , r ° reall2e a practically 

usable rechargeable lithium batt^ k - 

ana a r,^ i battery havxng a high capacity 

-d a prolong chargillg ^ discharglng cycle ^ 

the way. Japanessa UnexamlJle<a 
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Furtte. Japanese Un^ed Patent ^1 
25 No .329442/1999 • Plication 

**2/1999 discloses a lithium ion tvT1 ^ 

ion type non-aqueous 
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I ** tolK, ' le b " tery to « l—t either the cathode 

or the anode oo«t^ 3 a ccMucti^ material comprising a 
».tal deposit.- on the surface of a conductive MterlaI by 
• -the* of reducing . mMal lon . In flocument ±t 

described that the „^ ble battery ^ els ^ 
rate discharging characteristics c^cU performance. 

Hovever. in this foment, neither detailed description 
nor aj.scu.eion are mad. of amorphilization r « th e 
conductive material constituting the eiectrode of the 
rechargeable battery. Purther. ta this document, ooncret 
rounds »hich demonstrate that the rechargeable battery 
excels in cycle performance are not detailed. Thus. it is 
difficult to recognise that the rechargeable battery 
disclosed in this document is satisfactory in terms of the 
Charging and discharging cycle life. 

As above described, for the conventional 
reohar a . aw . e lithium batteries in which 
oxidation-reduction ration of lithin™ is used 
enlarges of their energy density and prolongation of 
their charging and discharging cycle life are passive 
subjects to be solved. 

*he present invention has been accomplished in 
Vie. of the foregoing situation in the prior art for 
-Chargeable li^ 
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oxidation-reduction reaction of lithium is used. 

An object of the present invention is t:o provide a 
process for producing a* electrode material comprising a 
specific amorphous alloy material capable of being 
electrochemically Cloyed lltllillm and ^.^ ^ 

excellent characteristic* . ±m suitable as a 

C ° nStitUeat ° f «» l-tro*. of a recharges ii tllium 
battery (that is , a rechargeable battery m wbieh 
oxidation-reduction reaction of lithium is used). 

A typical embodiment of the electrode 
material-poncing process of ^ pr „ ent inventiQn 
comprise, the steps of, (i) nuxio, at least one fcind of a 
metal compound (a) selected from a group consisting of 
SaltS ^ metal compiles of a metal (0 
capable of being electrochemically al loyed wlT * 
lithium, at least one ^ of a transition m *tal 
compound ( o) seieoted from a ^ ^ 

transition metal salts and transition metal complexes 
of a transition metal (b>) ana a completing agent with 
a solvent to obtain a mixed solution, ( 2> a 
-educing agent with said rni^ed solution to obtain a 
mixture, and C 3, oxidizing . sa±Q reo . ucing ^ ^ ^ 
mature to reduce ion of said metal (a') and ion of 
said transition metal wllereby deposlt:ing ^ 

amorphous alloy material (including an amorphous alloy 
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particulate) capable « b *ing electrochemlcally alloyed 
with llttta which is usable as an ^troie materiel 
for a recharoeable lithium battery. 

AS a preferable example of said amorphous alloy 
B material produced according to tta tetrode 
material-producing ^ocess of the present mention 
there can be mentioned an a^ta, olloy matejrlal ^ 
(including an amorphous all „y particulate, containing . 
Sn-A-x alloy „ith a substantia non-stol=hiometri= 
ratio composition as a principal constituent. For the 
formula Sn-A-X. A indicates at least on, Kind of an 
element selected from a croup consisting of transition 
metal .laments. X indicates at least one Kind of en 
element .elected from a croup consisting 
and s. *ere the element x is not always necessary to be 
contained. Tne content of the constituent element Sn of 
the amorphous Sn-A-X alloy has a relationship of 
Sn/( S n * A . X, . 20 to ao atomic* in ^ of tBe nu , tec 
Of atoms of e a ch element Catom, of the ent^e constituent 
elements Sn. A and X. The amorphous alloy material has 
excellent characteristics and it is extre^ly suitable as 
a constituent of an electrode, specifically, en anode 
of a reoharaeable lithium battery. 

Another object of the present invention is to 
provide an electrode structural body constituted by said 
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electrode material and wnicli Has a nigh capacity and « 
prolonged cycle life and is usable as an electrode of a 
rechargeable lithium battery and a process for producing 
said electrode structural body. 

A further object of the present invention is to 
provide a rechargeable lithium battery whose electrode 
COlnPiriSing Said «le<=trode structural body and which has a 
prolonged charging and discharging cycle life and a high 
energy density and a process for producing said 
rechargeable lithium battery. 

BRIEF PESCKIPTION n F THF. ng»MTwrc 
FIG. 1 is a schematic flow chart for explaining an 
embodiment of a process f or producing an electrode 
material for a rechargeable lithium battery in the present 
invention. 

FIG- 2 is a schematic cross-sectional view 
illustrating an example of an apparatus used for practicing 
the process for producing an electrode material in the 
present invention. 

FIG. 3 is a schematic cross -sectional view 
Illustrating another example of an apparatus used for 
practicing the process for producing an electrode material 
in the present invention. 

FIG- 4 is a schematic cross-sectional view 
illustrating the structure of an example of an electrode 
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structural body according to The present invention. 

FIG. 5 is a schematic cross -sectional view 
illustrating a basic constitution of an example of a 
rechargeable lithium battery according to the present 
invention. 

PIG. 6 is a schematic cross-sectional view 
illustrating an example of a single-layer structure type 
flat battery according to the present invention. 

FIG. 7 is a schematic cross -sectional view 
illustrating an example of a spiral -wound cylindrical 
battery according to the present invention. 

FIG. 8 shows X-ray diffraction charts of 
examples of electrode materials obtained by the 
electrode material production process of the present 
invention. 

DESCRIPTION OF T HE IKVKWT1QN AND P REFERRKn 

EMBODIMENTS 

As previously described, the present invention 
provides a process for producing an electrode material 
comprising a specific amorphous alloy material capable 
ofbei^g alloyed with lithium and which has excellent 
characteristics, and is suitable as a constituent of an 
electrode of a rechargeable lithium battery. 

The process typically comprises the steps of: (1) 
mixing at least one Hind of a metal compound (a) selected 
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from a group consisting of metal sa i-t s ^3. metal 
complexes of a metal (a') ! capable of being 

electrochemically alloyed wit* lirhium, at leest one 
kind of a transition me tal compound (b) selected from 
a group consisting of transition metal salts ^ 
transition metal completes of a transition metal (b 1 ) and 
a complying agent with a solvent to obtain a mixed 
solution, (2) mining a reducing agent with said mixe<a 
solution to obtain a mixture, and C 3) oxidizing said 
reducing agent in said mixture to [reduce ion of said 
metal (a>) ™* 10n ° f transition metal (b') whereby 

depositing an amorphous alloy material capable of being 
electrochemically alloyed with lithium which is usable 

aS eieCtr, ° de ma-taariaJL for a rechargeable lithium 

15 battery. ; 



The present invention provides an electrode 
structural body comprising an electrode material and a 
collector, charactered in that skid electrode materia 
comprises said electrode material! produced by the above 
20 process end said collector comprises a material incapable 
of being alloyed with lithium in electrochemical reaction. 

■Che electrode structural bo'dy has a high capacity 
and a prolonged cycle life and is jusable as an electrode 
of a rechargeable lithium batteryj. 
25 The present invention provides a process for 
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Pr ° dUOln3 Said — structural body, characterized 
by including , step of arrabgn.g j aforesaid electIoa . 

"""^ P " dUCea «» > 6 ov. electrode 

material-pxoduclug process OQ a coll6ctor CM0I)rlslng . 
".eterial incapable of baing ^ ^ 

electrochemical reaction 
The 



present i™a« provides a recharg.at.le 
Uthi.- b,tt^ comprising at lMst 1^ aDQd= _ catKo<ie anfl 

- a» a m wiioh ^..^^ reaction 

aforesaid electrode structural body. 

rechargeable litblun, bakery has a nigh energy 
density and a prolonged charging' and discharging cycle 

15 Tbe P**sent invention provides * ^ 

^ ovio.es <l process for 

Producing a rechargeable lithium ; bal:t=cy eomprl ,^ g at 
least an anode. , ct-o^e and an electrolyte and In „ h i oh 
oxidation-reduction faction oi ls u „ a 

characterized by deluding a step! « toeing sa id anode 
usmg - electrode structural bodv ,o™ed by arraying 
aforesaid electrode Serial Reduced by the above 
el.ct.ode materiel-producing process on a collector 
comprising a material incapable o* being alloyed wit* 
lithium in electrochemical paction and a step of 
arranging said anode and said caUode to oppose to eacb 
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other- -thorough said electrolyte. i 

As above described, the process for producing an 
electrode material for a rechargeable lithium battery in 
the present invention comprises sequentially conducting a 
5 step (1) of mixing at least one kind o£ a metal compound 
(a) selected from a group consisting of metal salts 
and metal complexes of a metal U') capable of being 
electrochemically alloyed with lithium, at least one 
kind of a transition metal compound (b) selected from 
10 a group consisting of transition metal salts and 
transition metal complexes of a transition metal (b«) 
and a completing agent (c) with a solvent (d) to obtain 
a mixed solution, a step ( 2 ) of mixing a reducing agent 
(e) with said mixed solution to obtain a mixture, and a 
15 step (3) of oxidizing said reducing agent in said 
mixture to reduce ion of said metal (a') and ion of 
said transition metal (to') whereby depositing an 
amorphous alloy material (including an amorphous alloy 
particulate) capable of being electrochemically alloyed 
2 0 with lithium as said electrode material. 

The amorphous alloy material is preferred to be an 
amorphous metal -containing alloy material. And the 
amorphous alloy material is preferred to have a peak 
appeared in a range of 2 0 = 20 " to 50 8 in X-ray 
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diffraction using Ktf-rays of Cu as a radiation 
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haVi " !r 3 hal£ """" ° f P«e.~, bly more than0 2 . mora 
mtanBl* «u» . p mtor . toe mmsama 

si ,e coated X - ray d!^^ 

preferably leas than 2O0 nm. 

The D etal ( a >) capable of beijig ^ 

lithium can Include Bi In Ph ^ 

' n ' Pb ' S± ' A 9> Sr - Ge r Zn . sa. Cd, 
Sb. Tl, an dHg . Of these, Bi. Xn, Pb . zn . sn , Sb ^ and T1 ^ 

> P-ferrc, and Sn is ^ p . eferred . The ^ ^ 

comprise one ox more of these metals. 

The transition metal (b>) can include Cr, Mr,. Fe. Co 
NX, c«. mo, to. Ru. Rn. Pd . Ag, Os . ir. Pt. Au. Ti v Y 

Z r, Nb, Hf. Ta, andW. Of these, Cr, u*. Fe. Co. N i, 
RU ' **' M ' A3 ' ° S ' Ir ' Au are preferred, and Cr 

C °' Ni ' *** CU ™ — Purred. The x r£msititm 
metal (b«, may co,ap rise one or more of these transition 



metals . 
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ln . a Prefe;Cred embodiment, the amorphous alloy 
material i s preferred to comprise an amorphous rtloy 
material (including an amorphous alloy paniculate) 

" S » A X ^ with a substantially 
-n-stoichiometric ratio cornposition . por ^ 

Sn-A-x, A indicate* at least one 3cind of an element 
Elected from a group c oasistia9 of rxemsi1:ion 
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elements, x xn^cate, at least one *i*d of an eleinent: 
SelCCted fr ° m * a*** counting of .. c. 
where the element X i S not: alw ays nece Ssaiy to be contained' 
The content of the constituent element sn of the 
amorphous S.-A-X alloy is preferred to have ^ 

relati ° nShiP ° f Sn/(Sn * * * « - 20 to .o atomic* in term, 
of the number of atoms of each element (atom) of tbe entire 
constituent elements Sn. a and x. 

The amorphous Sn-A-X alloy ixx the present 

invention is preferrpri + n *. 

preterred to have a peak appeared in a 

range of « - 20' to „' in x-ray diffraction using K 

of cu as a radiation source, naving a half width 

of preferably more than 0 . 2 « , more preferably more than 



0.5 



15 above amorphous alloy material is preferred to 

comprise a particulate having a crystallite si2e 
calculated from X-ray diffraction analy sis . whictl ±s 
preferably le SS than 50 nm, more preferably le SS than 20 
nm. in addition, the amorpno US alloy material i. preferred 

20 to have a* average particle size which i s preferably in a 
range of from o.l um to 2 Wr more preferably i* a range of 
from o.i wn to 1 ^ Further ^ a&d ^^ ^ 

material is pre f erred to have a specific surf ace area of 
Preferably more than 10 m V g, more preferably more than 30 
25 mVg- 
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The metal compound (a) used in the present invention 
is preferred to be soluble in the solvent (d) . As specific 
preferable examples of the metal compound (a) . there can be 
mentioned chlorides, sulfates and nitrates of those 
metals capable of being alloyed with lithium which axe 
illustrated as the metal (a'.) in the above. Of these, 
chlorides, sulfates and nitrates of Sn are more 
preferable. In the present invention. these compounds can 
be used either singly or in combination of two or more of 
them as the compound (a) . 

Similarly , the transition metal compound (b) used 
in the present invention is preferred to be soluble in the 
solvent (d). As specific preferable examples of the 
transition metal compound (b) , there can be mentioned 
chlorides, sulfates and nitrates of those transition 
metals capable or being alloyed with lithium which are 
illustrated as the transition mental (b') in the above. In 
the present invention, these compounds can be used either 
singly or in combination of two or more of them as the compound 
(b). 

The ooroplexing agent (o) used in the present 
invention can include organic carboxylic acids and 
amines . As specific preferable examples of the complexing 
agent ( c) , there con be mentioned citric acids , 
ethylenediaminetetraacetia acid, and salts of these 



10 



15 



20 



25 



aoias. io the present lnventloni oowpounaa can bQ 

°" a ei " 1 " * infll * « *» ooMhinatlon o f two or mo re of then, 
as the completing agent (c). 

The reducing agent ^ ^ pr . sent lnvenrit>n 

P ° teMiai WhlCh " "W -<«- *b» 0.1 V or p*-efe r abl y 

"™ thaD °- 2 V *" «»« <•£ tho »etal (.', ox the 
tradition «c wblcll ls ^ low<sst ^ saia 

" CI is p ref .„ ed to be 3Uoh 

that an ^ solution of ^ mat6rial malMained ^ 

« C has a normal electrode potential of less than _ 0 2 
V « prefe„bl y x .„ than _ o s v Mi<j ^ 

«- r.duc:L„ g a ga „t is tQ ^ solubie ^ ^ 

solvent (d) . 

Suohm.texialwhi.oh can satisfy these ^jio.. 
as the reducing agant cjm ^ 

such as hypophosphorous ncia. phosphorous „ cld . sulfmous 
acid, thiosulxuric acia. and dithlonous acid.- salts of 
these compounds ; ne tal salts in the le, valence sta te of 

Pe ( "'- T1 — <">-• "roanic con.pounas Ba<3ll as 

fo^alaehyae. fonnio acia. ^ oxallc ^ ^ ^ ^ 

these or g anic =^o^ s . Io t he p^sent invention, these 

compounds can be used either sinoi „ „ • 

e singly ox in combination of two 

or moore of them as the reducing agent (e) . 

The -ivent W uned in the present invention can 
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<■» ooinpxlse at |e a s C o M of . ^ 

comprise at least one ^ 

T * mater±sl1 "lectea fTO , a 

with th "V" r sox« ion 

r ^ " S "f - " ~ '» — the step C J 

— t on. „ a I . ^ ^ « 

ZZZ - " a j 96 of 10 to 90 - — 

step (3) xe preteir. J to netfon, , „ 

»f at 1.,.,. P=«°*» ia „ atmosphere e 

sras. <ad inert o as sacll „ , 9 ' 

S»s »* «3on 3«= or helium gas 

ld ^J7"' ^ < 3 ' *- to pe* fora by 
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To adjust the solution of the mi^ctur. to have said 
PH val„e My he conducted by adding an mlXmU __ The 

° f " P " f — d ^ perform so that the p B value 

of the solution of tne «» me is changed &on| 2 ^ ^ ^ 

3 r ™" e ° f 3 *° » ° r to a ma . of 5 to 10 

eUcali added can Include hydroxides of aUtali 
metals, hvdro^ides of « akaline eMt£ 

»»oni a . These compounds can he usea either slngly „r io 
combination of two or more of them. 

The step of o*ia.i, in3 a. mucins agent ( e, in the 
mixture may be ^formed concurrently „ tdjne ^ 

mixing the mixed solution ™ 

° n Wlth the ^duaing agent (e) in 
the step (2) in which the mixed solution < 

solution i S mixed with 

the reducing agent. 

" that , SmOU " °" ^ ^ f *» «» b ° — 

that o f the transition metal o W (b) to be ^ 

Preferred to be md. such that n*. ^ 

metal f.'l „ number of „ole* of a, 

metal (a) m the compound <a>1/rrh. 

l»)J/[the number of moles of tne 

transition metal (b'l ,„ . 
20 h» • transition metal compound <b>) 

20 becomes to be in a range of o i , „ 

of o . 2 to 5 . . 9S ° f ° " 1 t0 10 ~ P—r-M, to a range 

The amount of the completing agent (c, to be added 
P^erred to be made such that ( the number of moles of 

P »nd <a, . the number of moles of the transition metal 
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compound (b) 3 becomes to be in a range of 1 to 5 or pref erably 
in a range of 2 to 5 . 

The amount of the reducing agent (e) to be added is 
preferred to be made such that the amount of the reducing 
5 agent (e) added becomes X to 3 times or preferably l to 2 
times the sum of the oxidation- reduction equivalence 
point of the metal compound (a) and that of the transition 
metal compound (b) in terms of the equivalence ratio. 

The above-described electrode material-producing 
10 Process is possible to include a s tep of washing the 
foregoing alloy material as the electrode material. The 
Process i s also possible to include a step of drying the 
washed ailoy materia!. The process is further possible to 
include a step of grinding the dried alloy material. 
« A3 previously described, the present invention 

Provides an electrode structural body comprising an 
Electrode material and a collector, characterise in that 
sard electrode material comprises a given amorphous alloy 
material produced by the foregoing electrode 
20 material^oducing process and said electrode comprises an 
material incapable of being alloyed in the electrochemicai 
-action, xn this case, it is possible that the amorphous 
alloy as the electrode material is foCTned in a layer form 
on tiie collector. 

The electrode structural body x»ay be an electrode 
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Structural body comprising an electrode material layer 
formed using aforesaid, amorphous alloy as the electrode 
material and. a binder, and aforesaid collector. The binder 
in tbis case may comprise a water-soluble organic polymer 
material . 

The electrode structural body may be an electrode 
structural body comprising an electrode material layer 
formed using aforesaid amorphous alloy as the electrode 
material, aforesaid binder, and an electrically 
conductive auxiliary, and aforesaid collector. 

The present Invention provides a process for 
producing an electrode structural body, characterized by 
including a step of arranging a given amorphous alloy 
material as the electrode material produced by the 
foregoing electrode material -producing process on a 
collector comprising a material incapable of being 
alloyed with lithium in the electrochemical reaction. The 
process is possible to include a step of forming said 
amorphous alloy material in a layer form on said collector 
by way of press forming. The process is also possible to 
include a step of mixing said amorphous alloy material with 
a binder and if necessary, a solvent to obtain a 
paste-like product and arranging said paste-like 
product on said collector. 
25 Tiie present invention provides a rechargeable 
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~ I ™"' Ma 10 Whi< * -action 
^ =leetcoae stMcturai 

lithium-oontainiog electrode Mtt>rlal 

T». P^ent invention pr o V1 a.e, « producijlg . 
Cbar3eat1 ' -rising « least „ 

10 reaction oe ^ "O.tion-r.anctio,, 
step « torm±n3 — * in c luiiag a 

Dy hanging an given am^^v 
m ^ . . „ yiven amorphous allov 

-t—X - toe electa* ^ J 

foregoing electron ..teriaa-o^. . 
15 ccUec^, "=«lal-pxoduox„ g process on a 

■"^ w±th - = 

" aP « ™«- — -oae ane sala clt J ™ ^ * 
to e a=h other aleotrolyte 1° — 

— « to cni Miy COT , prlse , \ " 

20 eiectro*. materia. ^..-^^ 

rorrcin ^ °"° ae " fOBni ° 3 StSP ^ »- c-=t aS by 
saxd collector by wav of ^ ^ ° n 
ano.e-,0^ « e p ^ h r. t„e 

ai W th a blnder ^ ±f necesgary 
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By the way , the pr . esent inventi 

accomplished on the h»= • Sn 

the basis of the following ^- 
obtained throuoH . WXng finding 

^^imental studies by the M 
invention. That is ^ Present 
_ 1S ' tlle P^sent inventors create 

Process whioh enables one to r»- „ Seated a 

™ate rialcapableof be±n ne t0 Pr ° dUCe - -orp hoils all oy 

- S uit abl . r a ™ ent — — c S . « 

as a constituent of a « 
complexes of Sal1:a an <* 



metal 

transition n,etal ( D >> whereby 
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Saponin* an amorphous alloy material or 
ele=-crooh«m±<=aia y alioyaa „±th litbiu™. 

A variaty of .morphea alloy materials ^ 

Plural^ <« Bl-otBoa . st „ otuIQl bo<Jie= EMpoctive 
usabla M „ mod . of . reellaraeabl . 

«*— atxu^al boaiea . ^ ^ ea 

~* «— — — » W a* fouaa to _ 

a hxgh capacity and a prolonged evele / 

. . " y cycie life ( a prolonged 

Chargias and discharging cycle lifeK 

For the reason why such rechargeable lit^uxn 

Wh ° Se ***** C ^ iSi ^ - electrode .tructural 
^ ^ ^ strode - terial co ^ risla3 

af0r6Said am0 ^ OUS — - «« a high oapac it y Md 

a prolonged cycle life « ~ 

. ^ ^ ilfe ' lt: ±s considered as will be 
described below, 

m the »Y.t«, i„ tba componna capable 

transition n e t al oo^pound a« togetw Pr e sent . by 
a«=«a d an alloy co^ia^ . ^ ^ 
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alloy MA. 



+ A* 



R MA + R 2+ 



+ R* -> MA + r 



,3* 
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spe cifloal l y . ror as shown to the 

following equations ; 

Sn 2+ + Ni 2+ «p-j „ 

oo mprislng Sn Md Ni At 

the an™ • formation of 

t*. -Xo y „ ™^ ^ . sclvenr ^ ^^^^^ 

P^-aMy „o« than 12%) . 
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considered that distortion is liable to oecU3r ^ ^ 

£ ° OT " iQn ° £ m " lloy «na thus, an amorphous 

portion is 1Uwly to readily fori „ Ia at ^ 

when reduced Metal el^t. are boI>aed to £<m a 

" is considered that the solvent molecular hlna „ s tb . 

formation o* the crystal, and as a result _ aiMtBMM ^ 

I 1161610 « of the alloy crystal, ana 
*hu s . M amorphous portion ls ^ ^ 

No., in accordance with the foregoing process 
there can be ohtalnad ^ ^ 

containing amorphous phase which „ short 

order property but does not have a lohg-aistenc. order 

7 ettr ' — >*«• Peculate doe, not have 

a large change ^ ^ crystals structure when It is 
Cloyed with lithium. „ a therefore, the volume expansion 

as small, m th±s connection, when th P ^ 

' wneri the amorphous alloy 
Particulate is used in the anode of a rechargeable lithium 
battery, the electrode Serial layer of the anode ls 
Slightly expanded or shrunk upon charging or 
discharging. Ib u„ there can he attained a rechargeable 
^ b " tMy i. hardly oracced or 

stored even when the oharglng ana discharging cycle is 
repeatea over a long period or time, where the 
performance thereof is stained without being 
deteriorated. 



separately, by using «„, oonple3ciIlg ^ ^ 

" a=rl ° n Sy=,:em ' " ls »° s «"*«> the .aet.l ^pounds 

" Soivent w " twt Because of thi= lt 

« t. considered that the of tbe ' 

^ 1S — ~* a-orphisation is more 

facilitated. 

la the following. description ^ „ oxe 
be ~- - «- ~— -r p t o^ 9 „ electroa . 
in the present Invention. 

The production process basically copies mix ^ g 
ascribed reducing agent „ith . ^ ad solutlon ^ 

^ ^ -tal =^ omd containing a „stal 

capable, belngalloy . dwithlitiiun ap „ scribeatransitiM 

mate! compound, and a prescribed c OT pl„i ng agenc . „ a 
o«ldl,in S said reducing agsnt to reduce ion « the 
oapable o £ being alloyed «th Htm™, „ a Ion o* the 
transition „etal .hereby synthesizing an a^rphous alley 
material. y 

PrefeiXed ^od^ents of the production process 
Will be ^tailed with reference to FXGa . x to 3 . 

FIG. 1 is a SCheraatic flow oWt £or expla± ^ 

° f the process . Pxc. 2 is a schematic 

cross- sectional view iiinsi-r,,*, 

view illustrating an example of a 

25 fabrication apparatus used for practice i-* 

Practicing the production 



process. FIG. 3 is a schematic cross -sectional view 
illustrating another example of a fabrication apparatus 
used for practicing the production process. 

The fabrication apparatus shown in FIG. 2 is a batch 
-type fabrication apparatus in which all the steps from the 
introduction of starting materials to the termination of the 
reaction treatment are performed in the same reaction 
vessel. The fabrication apparatus shown in FIG. 2 
comprises a reaction vessel 201 provided with an starting 
material introduction device 202, a reflux device 203, a 
gas introduction pipe 204, an agitator 205, and a 
temperature controlling equipment 206. 

The fabrication apparatus shown in FIG. 3 is a 
continuous fabrication apparatus in which the respective 
steps are individually performed in separate vessels. 

The fabrication apparatus shown in FIG. 3 comprises 
a starting material addition vessel 3 02, a reducing 
agent addition vessel 303, a mixing vessel 304, an 
addition vessel 308, a reaction vessel 301, and a product 
recovery vessel 309. The respective vessels are 
communicated with each other through connection pipes 30 7 
having a flow rate regulating valve 307 such that a flow 
from each of the starting material addition vessel 302 
and the reducing agent addition vessel 303 is flown into 
the mixing vessel 304, followed by being flown into the 



reaction vessel 301; a flow from the addition vessel 308 Is 
flown into the reaction vessel 301, and a flow from the 
reaction vessel 301 is flown into the product recovery vessel 
309. Each of the vessels 301, 302, 303. 304, and 308 is 
5 provided with an agitator 305. And each of the vessels 
301, 302, 303, 304. 30B and 309 is provided with a 
temperature controlling equipment 306. 

The production process in the fabrication apparatus 
shown in FIG. 2 will be explained while referring to FIG 
10 i. 

In the fabrication apparatus shown in FIG. 2, first, 
inert gas such as nitrogen gas is introduced into the 
reaction vessel 201 through the gas introduction pipe 
204, where only excessive gas is exhausted outside the 
15 system through the reflux device 2 03. Then . at least one Icind 
of a metal compound (a) selected from a group 
consisting of metal salts and metal complexes of a 
metal (a') capable of being electrochemically alloyed 
With lithium. at least one Icind of a transition metal 
20 compound (b) selected from a group consisting of 

transition metal salts end transition metal complexes 
of a transition metal (b') , a completing agent (c) and a 
solvent (d) are introduced into the reaction vessel 201 
through the starting material introduction device 202. 
foixowed by being stirred by means of the agitator 
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205 (see, step A in FIG. 1), where a reducing agent (e) is 
introduced there through the starting material introduction 
device 202 (see, step C in FIG. 1). The temperature of the 
mixed solution in the reaction vessel 201 is controlled to 
a prescribed temperature by means of the temperature 
controlling equipment 206. 

Thereafter, if necessary i-n order to oxidize the 
reducing agent in the mixed solution, by adding a 
pH- adjusting agent comprising an alkali or the lUce (see, 
step C in FIG- 1) , the reducing agent in the mixed solution 
is oxidized (see, step D in FIG. 1) r and reduction 
reaction of the metal compound (a) and the transition metal 
compound (b) is progressed. After the termination of the 
reaction, a synthesized product is washed and dried (see, 
15 steps E and F in FIG. 1) . In this way, there is obtained an 
amorphous alloy material as an electrode material. 

The production process in the continuous 
fabrication apparatus shown in FIG . 3 will he explained 
while referring to FIG. 1. 

In the continuous fabrication apparatus shown in 
FIG. 3, first, the entire inside atmosphere is replaced by 
inert gas such as nitrogen gas or the like. Then, at least 
one kind of a metal compound (a) selected from a group 
consisting of metal salts and metal complexes of a 
metal (a') capable of being electrochemically alloyed 
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with lithium, at least one kind of a transition metal 
compound (b) selected from a group consisting of 
transition metal salts and transition metal complexes 
of a transition metal <b'} ', a complexing agent (c) and a 
solvent (d) are introduced into the starting material 
addition vessel 302, followed, by being stirred by means 
of the agitator 305 (see. step A in FIG. 1), and the 
mixture in the starting material addition vessel 302 is 
introduced into the mixing vessel 304 while adjusting the 
amount of the mixture to be added by means of the flow rate 
regulating valve 307. and a reducing agent (e) introduced 
into the reducing agent addition vessel 303 is introduced 
into the mixing vessel 304 while adjusting the amount of the 
reducing agent to be added by means of the flow rate 
regulating valve 307 , where the contents in the mixing vessel 
304 are stirred and well-mixed by means of the agitator 305 
(see. step C in PIG. 1) . The temperature of the mixed solution 
in the mixing vessel 304 is controlled to a prescribed 
temperature by means of the temperature controlling equipment 
306. The mixed solution in the mixing vessel 304 is 
introduced into the reaction vessel 301 while adjusting the 
amount of the mixed solution to be added by means of the flow 
rate regulating valve 307 , and if necessary in order to oxidize 
the reducing agent in the mixed solution, by introducing 
a pH-adjusting agent comprising an alkali or the like into 
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the reaction vessel 301 from -the addition vessel 308 while 
adjusting the amount of the pH- adjusting agent to be added 
bymeans of the flow irate regulating valve 307, the reducing 
agent iu the mixed solution is oxidized (see, step D in FIG. 
l) r and reduction reaction of the metal compound (a) and 
the transition metal compound (b) is progressed. The 
temperature of the reaction solution in the reaction vessel 
301 is controlled to a prescribed temperature by means of 
the temperature controlling equipment 306. followed by 
being introduced into the product recovery vessel 309, 
where the reaction solution in the product recovery- 
vessel 309 is cooled to a prescribed temperature, whereby 
a synthesized product is afforded in the product 
recovery vessel 309. The synthesized product is taken out 
from the product recovery vessel 309, and it is washed and 
dried (see, steps E and F in FXG* 1) . in this way, there is 
obtained an amorphous alloy material as an electrode 
material - 

The resultant amorphous alloy material as the 
electrode material may be ground by means of a grinding 
apparatus such as a ball mill or the like. 

The production process which is practiced by 
using the continuous fabrication apparatus shown in FIG, 3 
is more advantageous in comparison with the production 
process which is practiced by using the batch type 
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^ii-J the temperature of the ^^-=^4 
rjaF ,„^, _ tlle starting materials, the 

reaction temperate ^ the temperatuxe ^ 

a 311 ele ctrode material in a 1 
e-t-^w-i - LU a large amount a 

oan be continuously produced. 

Now, i, the el ectrode material . p 
the present invention at ^ ^. EProcess of 

acent ^ ^ of add ^ *ba reducing 

agent (see, step c in FIG i, an(i , , 5 

/ «*nd also at th^ i--, m ~ - 

oxidizing the reducing agent 

«g agent (see, step d in Ftg n - 

maintain the temperature Q * «, 

„ aerinri P e ° f tlle solution in the 

reaction vessel to be constant 

beC ^ Se — —ion or sld e reaction of 1 
reducing agent due to heat of «, . 

° £ * he mi ^iag or heat of the 

reaction is difficult 

« -xo to aoo " — bly ln a xaage 
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10 to 90 When the temperature of the mixed solution in 

the reaction vessel is maintained, at a temperature of less 
than -10 t. there is a tendency in that the extent of an 
amorphous portion (phase) formed in a product is decreased. 
When the temperature of the mijced solution in the reaction 
vessel is maintained at a temperature of beyond 100 °C 
there is a tendency in that impurity in a relatively 
large amount is occurred and it gets in a product obtained. 

In addition, at the time of adding the reducing 
agent (see, step c in FIG . l). it is preferred to control 
the temperature of the reducing agent to be the same as that 
of the mixed solution in the reaction vessel in order to 
decrease a change in the temperature of the minced solution 
in the reaction vessel when the reducing agent is added to 
and mixed with the mixed solution. 

As the gas which is introduced into the reaction 
vessel, it is possible to use hydrogen gas and inert gas such 
as argon gas or helium gas other than nitrogen gas . In this 
case, there is an advantage in that the reducing agent is 
maintained without being oxidized with said gas. Further, 
it is preferred that the introduction of said gas into 
the reaction vessel is continued from the step of 
introducing the metal compound (a) and the transition 
metal compound (b) into the reaction vessel (see. step A in 
FIG- 1) until the step of oxidizing the reducing agent 
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(see. step p iji FIG . 1). In this case, gas and the like 
generated by the reaction in the reaction chamber are 
exhausted outside the system and as a result . impurity is 
refrained from generating in the reaction vessel. 

Particularly, when formaldehyde or formic acid is 
used as the reducing agent, carbon dioxide is liable 
to generate, and when sodium thiosulfate is use d as the 
reducing agent, sulfur dioxide is liable to generate; and 
when such gas is generated, impurity such as carbonate 
substance or sulfate substance is lively to generate. 
However, such impurity is refrained from generating. 

Further, at the time of adding the reducing agent 
Uee, step C in FIG. 1), it is preferred that when the 
reducing agent comprises a solid or gaseous material. saia 
material is dissolved in a solvent which is the same as the 
solvent used in the reaction prior to adding it (see. step 
B in FIG- 1) . m the case where the reducing agent comprises 
a liquid material, said liquid material can be added as it 
is (see, step b in fig. i) . 

For the amount of the reducing agent to be added 
(see. step C in « G . C ) r it is sufficient to add a given 
material as the reducing agent in an amount which is 
corresponding to an equivalence point with respect to a 
change in the oxidation number per mole of said material 
as the reducing agent (the number of electron released) and 
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a change in the oxidation number per mole of the matal 
which is to be reduced (the number of electron released, 
i.e., the number of electrons entrapped). However, the 
reducing agent in an excessive amount is preferred to be 
added because the yield is increased in this case. 

The amount corresponding to the equivalence point 
here is meant that for instance, in the case where the 
reducing agent is oxidized snch that tne oxidation number 
is changed from +3 to + 4 and the metal in the metal compound 
to be reduced is reduced such that the oxidation number is 
changed from +2 to o. the reducing agent in an amount 
which is corresponding to 2 times the amount of the metal 
compound in terms of the mole ratio is added. 

Even when the oxidation number of the metal compound 
(a) containing the metal capable of being alloyed with 
lithium is different from that of the transition metal (b) , 
it is sufficient to add the reducing agent in an amount 
corresponding to the sum of the equivalence point of the 
metal compound (a) and that of the transition metal 
20 compound (tO - In a preferred embodiment, in view of 

increasing the yield while preventing the generation of 
impurity, the amount of the reducing agent to be added is 
preferably 1 to 3 times or more preferably 1 to 2 times 
respectively versus the sum of the equivalence point of 
the metal compound (a) and that of the transition metal 
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compoundL (b) „ 

in the case where the educing agent has a laxge 
nidation power ana ±r sufficiently reacts with the 

> « iS p Me rred to hasten t he .addition spee, of ,he r educi , 9 

agent at the ti*e o f adding the educing agent step 

C m PIG. 1), because in this case m 

«u.s case, the reaction in the 

P«f w«bl r within 1 m±nut« . 

For the use amount of rhR 
„f - <=°mpo m a (a) and 

«. to ba maae suoft ^ ^ 

of from 0.2 to 5 In tk. cange 
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range, there is a tendency that the amorphous portion 
(phase) occurred in a product as an electrode material is 
diminished . 

Separately, it i s possible to use an appropriate 
compound or the like other than the metal compound (a) and 
that of the transition metal compound (b) so that a product 
obtained as an electrode material contains its constituent. 
In this case, it is possible that said compound is introduced 
into the reaction vessel together with the metal compound 

(a) and that of the transition metal compound (b) when the 
metal compound (a) and that of the transition metal compound 

(b) axe introduced into the reaction vessel (see, step A in 
FIG. l). 

For the amount of the completing agent (c) to be 
added, it is desired to be made such that [the number of moles 
of the completing agent] /[the number of moles of the metal 
compound (a) + the number of moles of the transition metal 
compound (b) ] is preferably in a range of from l to 5 or more 
preferably in a range of from 2 to 5 . 

When the completing agent in an amount which falls 
in the above range is used, the metal ion of the metal 
compound (a) and that of the transition metal compound (b) 
are stably and uniformly dissolved in the solvent (d) and 
as a result, the occurrence of impurity is diminished, where 
a product with good amorphi.ation as an electrode material 
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can be obtained. 

Fox the use amount of the solvent (d) . it is desired 
in such an amount that the metal compound (a), tie 
transition metal compound (b) , the completing agent (c) 
and the reducing agent («) which axe mixed with the 
solvent axe uniformly dispersed in the solvent while being 
dissolved therein. However, in the case where the raided 
solution whose solvent is excessive and which is therefore 
in terms of the concentration, the reduction reaction 
becomes gentle and therefore, the yield of a product (a 
synthesized product) is decreased. In this respect, the use 
amount of the solvent is preferred to be adjusted so that 
the weight molar concentration of the reducing agent (e) 
becomes to fall preferably in a range of from o.i to 5 mo le 
/Kg or more preferably in a range of from 0.5 to 4 mole/Kg. 

At the time when the metal compound ( a ), the 
transition metal compound (b,. and the completing agent 
Co) are n,lxed with the solvent (d) (see, step A in FIG l) 
these materials may be entirely ^ with the solvent at 
the same time. Alternatively, it is possible that they are 
intermittently mixed with the solvent several times. In 
this c Me . lt is possible that each of the metal Corap ound 
(a), the transition metal compound (b) , and the 
completing agent (e) is Individually mixed with the 
solvent and they are together mixed. 
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Separately, at the time when the metal compound 
(a) , the transition metal compound, (b) . and the complexing 
agent (a) aire nixed, with the solvent (d.) (see, step A in 
FIG. 1), it is possible to add a dispersant comprising a. 
surface active agent selected from a group consisting of 
an anionic surface active agent , a cat ionic surface active 
agent, and a nonionic surface active agent. In this case, 
the homogeneousness of the mixed solution is improved. 

At the time when the oxidation is performed by 
adding the reducing agent (see, steps c and D in pig. l) . 
to maintain the mixed solution (the reaction solution) to 
be constant at a prescribed pH value is preferred for the 
reason that a complex formed by the metal ions and the 
complexing agent is stabilized. Specifically, it is 
preferred that the pH value of the mixed solution is made 
to be preferably in a range of from 3 to 12 or more 
preferably in a range of from 5 to 10. When the pH value 
of the mixed solution is less than 3, the yield of a product 
as an electrode material is diminished, when the pH value 
of the mixed solution is beyond 12 , there is a tendency in 
that impurity is increased. 

To adjust the p h value of the mixed solution in the 
above range may be performed by adding an acid or an alkali 
to the mixed solution or by adding a pH buffer to the mixed 
25 s olut ion . 



15 



20 



10 



15 



20 



48 



25 



When the reducing agent: comprises, for instance, 
titanium trichloride which is highly reactive and is 
likely to become unstable when the pH value of the mixed 
solution is in the above range, it Is considered to take a 
manner in that in step C (see, FIG. 1). the reducing agent 
is added to the mixed solution which is maintained at a 
pH value where the reducing agent is stabilized, and in step 
D (see, FIG. 1) , by adding an alkali or an acid to the mixed 
solution, the reducing agent is oxidized and 
simultaneously with this, the pH value o£ the reaction 
solution is controlled to fall in the above range- But this 
manner is not always effective because in the high pH value 
region (the alkaline region), the metal ions of the metal 
compound (a) and the transition metal compound (b) form 
hydroxides and they are precipitated. Therefore, it is 
preferred to control the pH value of the mixed solution 
(the reaction solution) to fall in the above range by adding 
an alkali from the low pH value region (the acidic region) . 

In this case, in view of the stability of the 
reducing agent in step C (see, FIG. 1), it is preferred to 
make the pH vale of the low pH value region to be 2 or less. 

In addition, it is preferred to hasten the speed of 
adding the alkali because in this case, the reduction 
reaction in the mixed solution is rapidly occurred and 
a result, an alloy crystal is hardly formed and the 
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amoxphization is desirably progressed. 

The above situation can be understood with 
reference to X-ray diffraction charts shown in fig. a. 

PIG. 8(1) shows an X-ray diffraction chart of an 
amorphous alloy material obtained by quickly adding an 
alkali for 30 seconds in Example 1 which will be described 
later. FIG. 8(2) shows an X-ray diffraction chart of an 
amorphous alloy material obtained in the same manner as in 
Example 1 except for slowly adding the alkali for 15 minutes . 

In comparison of the X-ray diffraction chart shown 
in FIG. 3(1) W i t n the X-ray diffraction chart shown in FIG. 
8(2) . it is understood that the amorphization in the latter 
is not progressed as that in the former. 

That is, it is preferred that the generation 
reaction of an alloy is terminated within a short period of 
time and that the addition of the total amount of the alkali 
is completed preferably for less than 2 minutes or more 
preferably for less than 1 manure. 

Specific preferable examples of the alkali to be 
added are hydroxides of alkali metals, hydroxides of 
alkaline earth metals, amines, and ammonia. 

The method adopted for oxidizing the reducing 
agent is different depending upon the oxidation power of 
the reducing agent (that is, a difference between the 
electrode potential of the reducing agent and that of the 
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metal ion to be reduced) t which will be described later in 
the item of reducing agent ] - However, as specific examples 
of the method for oxidizing the reducing agent, there can 
be mentioned a method in that any of the foregoing alkalis 
is added to a mixed solution containing a given reducing 
agent, given metal ion capable of being alloyed with lithium, 
and given transition metal ion to adjust the pH value of 
said mixed solution whereby oxidizing the reducing agent 
contained in the mixed solution; a method in that a given 
reducing agent is admixed in a mixed solution 
containing a given reducing agent, given metal ion capable 
of being alloyed with lithium, and given transition metal 
ion. followed by subjecting to a heat treatment, whereby the 
reducing agent in the mixed solution is oxidized; a method 
in that a given reducing agent is heated. a mixed 
solution containing a given reducing agent, given metal 
ion capable of being alloyed with lithium, and given 
transition metal ion is also heated, and the heated 
reducing agent is admixed in the heated mixed solution, 
whereby the reducing agent in the mixed solution is 
oxidized; and a method in that when a given reducing agent 
having a strong oxidation power and which is liable to rapidly 
cause reaction is used, after the reducing agent is cooled, 
the reducing agent is admixed in a mixed solution 
containing a given reducing agent, given metal ion capable 
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of being alloyed with lithium, and given transition metal 
ion. whereby the reducing agent in the mixed solution is 
oxidized. 

Now. the temperature of the mixed solution in the 
reaction vessel is preferred to be controlled by cooling 
or heating the mixed solution so as to fall preferably in 
a range of from -10 to 100 "C or more preferably in a range 
of from 10 to 90 13. 

In the following, description will be made eacti 
starting material used Ul t*e process for producing an 
electrode material. 
Metal Compound (a) : 

The metal compound ( a ) includes metal salts and 
metal complexes of a metal (a') capable of being alloyed 
with lithium. These metal salts and metal complexes are 
soluble in the solvent (d) . 

The metal (a') can include Bi, In, P b . Si, Ag, Sr. 
GC ' Zn ' Sn ' Cd ' So - *1, and H g. Of these. Bi. m, p b< Zn ^ 
Sn. Sb. and Tl axe preferred, and Sn is more preferred! 

As specific preferable examples of the salt of 
the metal ( a') , there can be mentioned chlorides, sulfates 
and nitrates of a metal selected from a group 
consisting of Bi, xn. Pb, Si. A g, sr. Ge. an. Sn , Cd. sb, 
Tl. andHg as the metal ( a ' } , which are readily dissolved 
in the solvent Cd) to form metal i ons . of these. 



chlorides, sulfates and nitrates of a metal selected 
from a group consisting Bi, In, Pb r Zn, Sn, Sb, and Tl are 
preferred, because these salts are readily dissolved in 
the solvent (d) to stably form metal ions. Particularly, 
chlorides, sulfates and nitrates of Sn are more 
preferred, because these salts of Sn make it possible to 
form an alloy with a transition metal while readily 
forming amorphous portion (amorphous phase) . 

Specific preferable examples of the metal complex 
of the metal (a') are amine complexes, fluoro complexes, 
polyamine complexes, and polyphrin complexes of a metal 
selected from a group consisting of Bi f in, Fb, Si, Ag, 
Sr, Ge, zn, Sn, Cd, Sb, Tl, and Hg as the metal (a 1 ), which 
are readily dissolved in the solvent (d) to form metal 
ions . 

Tile above-mentioned metal salts and metal 
complexes may be used either singly ox in combination of 
two or more of them. 

Besides, orgranometalllc compounds, e.g., alkyl 
compounds, phenyl compounds, and the like, of a metal 
selected from a group consisting of Bi, In, Pb, Si, Ag, 
Sr, Ge. Zn, Sn, Cd, Sb, Tl. and Hg which are soluble in the 
solvent (d) ore also usable as the metal compound (a). 
Transition Metal Compound (b)? 

The transition metal compound (b) includes 
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transition metal salts and transition metal complexes of 
the transition metal (b*) . These transition metal salts and 
transition metal complexes are soluble in the solvent (d) . 

The transition metal (b') can include cr, Mn, Fe, Co, 
Ni, Cu, Mo, To, Ru, Ufa., Pd, Ag, Os. Ir, Ft, Au. Ti, V. Y, 
Sc, 2r, Nb, Hf. Ta, and W. Of these, Cr, Mn. Fe, Co. Ni, cu, 
Ru, Rh, Pd, Ag. Os. Ir, Ft. and Au are preferred, and Cr, 
Mn, Pe, Co. Ni, and Cu are more preferred. 

As specific preferable examples o£ the 
transition metal salt of the transition metal (b') , there 
can be mentioned chlorides, sulfates and nitrates of a 
transition metal selected from a group consisting of 
Cr, Mn, Fe. Co, Ni, Cu. Mo, To, Ru, Rh. Pd. Ag. Os. i r . Pt, 
An, Ti, v, *. sc, zr. Nb, H f , Ta, and W as the transition 
metal (b') , which are readily dissolved in the solvent (d) 
to form metal ions. Of these, chlorides, sulfates and 
nitrates of a transition metal selected from a 
group consisting Cr, Mn, Fe. Co, Ni, Cu. Ru. Rh, Pd, Ag. os, 
Ir, Pt, and Au are preferred, because these salts are 
readily dissolved in the solvent <d) to stably form metal 
ions. Particularly, chlorides, sulfates and nitrates 
of a transition metal selected from a group consisting of 
Cr, Mn. Fe, Co, Ni, and Cu are more preferred, because 
these salts make it possible to form an alloy with 
metal capable of bed^g alloyed with lithium while 
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readily forming amorphous portion. ( amorphous phase). 

Specific preferable examples of the metal complex 
of the metal (b') are amine complexes , fluoro complexes , 
poly amine complexes , and polyphrin complexes of a metal 
selected from a group consisting of Cr f Mn, Fe, Co. Ni, 
Cu, Mo, To, Ru, Rh, Pd, Ag. Os, Ir, Ft „ Au, Ti, V. Y, Sc f 
2r, Nb # Hf, Ta r and W as the transition metal (b ? ) , which 
are readily dissolved in the solvent (d) to form metal 
ions . 

The above-mentioned transition metaJL salts and 
transition metal complexes may be used either singly or 
in combination of two or more of them. 

Besides, organometallic compounds, e.g., aJJcyl 
compounds, phenyl compounds, and the like, of a transition 
15 metal selected from a group consisting of Cr, Mn, Fe, 
Co, Mi, Cu, Mo, Tc, Ru, Rh. Pd. Ag r Os, Ir, Pt f Au, Ti, V, 
Y, Sc, Zr, Nb, Hf , Ta, and W which are soluble in the 
solvent (d) are also usable as the transition metal 
compound (b) „ 
20 Complexing Agent (c) : 

As the complexing agent (c) , there can be used an 
adequate compound which maJces it possible to form a 
complex with the foregoing metal ion [ that is, the ion of 
the metal (a') and the ion of the transition metal (b*)] 
in the solvent (d) . However, a.s the complexing agent (c), 
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it is preferred to use a prescribed compound which 
maJces the foregoing mixed solution to contain a complex 
wbi-ch is formed by the metal (a*) and said compound as the 
complexing agent (a) and also a complex which is formed 
by the transition metal (b') and said compound as the 
completing agent ( c) . By adding sucri compound as the 
complexing agent (c) r it is possible that the foregoing metal 
ion forms a desired complex so that it can present as stable 
ion in the solvent even when the temperature, the pH value 
or the like of the mixed solution is changed during the 
reaction operation. Further r the reduction reaction is 
efficiently occurred, and as a result, the generation of 
impurity is diminished and the yield of a product is improved. 

The formation of such complex formed by the metal 
15 ion and the complexing agent can be confirmed by means of 
spectrochemical analysis in ultraviolet and visible 
region or infrared spectrum analysis in vtiich analysis 
is performed based on a spectral position or a spectral 
shift . 

As specific preferable examples of the complexing 
agent (c) , there can be mentioned cyanides; thiocyanio acid 
and salts thereof; nitrous acid and salts thereof; ammonia 
and salts thereof; amines such as pyridine, bipyridine, 
ethylenediamine w and dietylenetriamine and slats thereof; 
ketones such as ace ty lace tone; organic oarboxylic acids 
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such as urea- oxalic acid, citric acid, tartaric acid, and 
ethylenediarainetetraacetic acid and salts thereof ; amino 
acids such as arginine and alanine; and polyols such as 
ethylene glycol and polyethylene glycol. Of these, amines 
and organic carboxylic acids , particularly citric acid and 
ethylenedieutiinetetraacetic acid and salts thereof are 
preferred because they malce it possible to stably form a 
desired complex during the reaction, where a homogeneous 
alloy can be formed. 

The above-mentioned compounds as the completing 
agent (c) may be used either singly or in combination two 
or more of them, 
solvent Cd) ; 

As the solvent (d) r there can be used any solvents 
as long as the metal compound (a) , the transition metal 
compound (b) , the complex of the metal compound (a) and the 
completing agent (c), and the complex of the transition 
metal compound (b) and the completing agent (c) are 
uniformly dispersed and dissolved therein so that a 
homogeneous alloy material can be formed. 

Such solvent can include water and polar solvents. 
Specific examples of the polar solvent are alcohols such as 
methanol, ethanol, and ethylene glycol; esters such as ethyl 
acetate, butyl acetate, ethylene carbonate, propylene 
carbonate , and dimethyl carbonate; amides such as 
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formaraxdo, N,N-dim,etbylf ormamide, N,N-d±methylacetainide, 
1 - 3 -dimethyl- 2- Imidazolidinone , and N-metliylpyrrolidone ; 
nitriles such as acetonitrile , propionitrile , 
succinonitrile , and toenzonitrile; amines such, as 
ethylenediamine. tri ethylene amine , aniline, pyridine, and 
piperidinej halogen compounds such as methylene chloride, 
chloroform, 1,2-dichloroethane, chlorobenzene, and 
l-bromo-2-chloroetbane; sulfur compounds such as dimethyl 
sulfoxide, and sulfolane, liquid ammonium; and glacial 
acetic acid. Of these, water and alcohols are preferred 
because the solubility of the complex of the metal 
compound (a) and the complying agent (c) and that of the 
complex of the transition metal compound (b) and the 
cornplexing agent (c) are high therein. 

The above-mentioned solvents may be used either 
singly or in combination of two or more of them. 
Reducing Agent (e) : 

The reducing agent (e) comprises a compound which 
can reduce the foregoing ion [that is, the ion of the metal 
(a 1 ) and the ion of the transition metal (b'> 1 and which has 
an electrode potential (which is provided by the ion ox 
element contained in said compound as the reducing agent) , 
which is inferior to the electrode potential (E) of each of 
the metal (a ') and the transition metal (b') . That is, as the 
reducing agent (e) , there is used such a compound that when 



said compound as the reducing agent exists together with the 
ion of the metal (a 1 ) and the ion of the transition metal 
(b') , these metal ions are liXely to be reduced and the 
compound is li)cely to be oxidized. 
5 The electrode potential (E) is meant an electric 

potential between a normal hydrogen electrode and a given 
metal when a combination of said normal hydrogen 
electrode and said metal is immersed in a solution 
containing ion of said metal- Xn general, the dissociation 

10 degree of the ion is changed depending upon the temperature 
or the pfi value of the solution, and because of this, the 
electrode potential is also changed. 

Particularly, as the reducing agent (e) , there is 
used an adetjuate compound whose electrode potential in the 

IS litjuid state upon the reduction reaction is inferior to the 
the electrode potential of the metal (a*) or that of the 
transition metal (b') which is the lowest. Particularly, 
the electrode potential of the compound as the reducing 
agent is preferred to be inferior by more than 0 - 1 V or 

20 preferably more than 0.2 V to that of metal (a a ) or the 
transition metal <b') which is the lowest, because the 
reduction reaction is efficiently occurred in this case. 

As previously described, the electrode potential of 
the reducing agent is changed depending upon the 

25 temperature or the pH value of the mixed solution • 
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Th.ex-.ef ore . it is inconvenient to select an adeqnate compound 
suitable as the reducing agent ( e) . However, by referring 
to a normal electrode potential (E°) as a guide, it is 
possible to select such compound having a normal electrode 



each of the metal compound (a) and the transition metal 
compound (b) . 

The normal electrode potenrial (E M ) here can be 
obtained from the electrode potential (E) in accordance 
with the equation E* « E - (RT/nF)lna, with R being a gas 
constant, T being an absolute temperature, F being a 
Faraday constant, n being an ion valency, and a being an 
activity of a metal ion in a solution. 

That is, the normal electrode potential (E°) is an 
electrode potential when a = 1, and it is indicated by an 
electrode potential which is exhibited when the 
concentration of a solute constituting a monopole in the 
solution is in a standard state (a = l) which is l 
atmospheric pressure in the case of a gas and which is in 
the most stable state (with respect to the pH value or 
temperature) in the case of a solid or liquid. The electrode 
potential has an inherent value depending upon the 3c±nd of 
a material involved. 

In the case where at least one kind of a metal 
compound selected from a group consisting of 



potential which is lower than the electrode potential of 
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hydrochlorides of Sn, sulfates of Sn and nitrates of sn 
is used as the metal compound (a) „ when a given compound is 
such that the an aqueous solution thereof maintained at an 
aqueous solution maintained at 25 *C lias a normal electrode 
potential which, is lower than the electrode potential of 
said metal compound, said compound can be used as the reducing 
agent (e) - However, it is preferred to use a reducing agent 
comprising* a compound whose normal electrode potential is 
less than —0*2 V or preferably less than —0.5 V f because 
the reduction of Sn is efficiently occurred in this case. 

And said compound as the reducing agent is 
soluble in the solvent (d) , the compound is preferable 
because the reduction reaction is uniformly occurred - Further , 
when the compound is still soluble in the solvent even after 
it is oxidized, the compound is more preferable because 
contamination of impurity into an alloy particulate 
deposited by -the reaction is diminished - 

Such compound which can satisfy these 
conditions as the reducing agent (e) can include lower 
oxygen compounds such as hypo phosphorous acid r phosphorous 
acid, sulfurous acid r thiosulfuric acid, and dithionous 
acid and salts of these compounds ; metal salts in the low 
valence state of Fe (IX), Ti (III) and Cr (XI) ; organic 
compounds such as formaldehyde, formic acid, and oxalic 
acid and salts of these organic compounds- In the 
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present invention, these compounds can be used either 
singly or in combination of two or more of Them as the 
reducing agent (e) - 

In the following, description will be made of an 
electrode material produced by the electrode 
material-producing process of the present invention. 

As previously described, the electrode material 
produced according to the present invention comprises an 
amorphous alloy material (including an amorphous alloy 
particulate) chiefly comprising at least one Kind of a 
metal (a 5 ) capable of being alloyed with lithium and at 
least one kind of a transition metal (b') . 

The metal (a') can include Bi, in, Pb, si. Ag, Sr. 
Ge, Zn. Sn, Cd, Sb, Tl. and Hg. Of these, Bi, In, Pb, Zn, 
Sn, Sb. and Tl are preferred, and Sn is more preferred. The 
metal (a') may. comprise one or more of these metals. 

The transition metal (b T ) can include cr, Mn, Pe, Co, 
Ni, Cu, Mo, Tc, Ru, Rh. Pd. Ag, Os. Ir, Pt , An. Ti, v. Y. 
Sc. Zr. Nb, Hf, Ta, and w. of these, Cr, Mn, Pe, Co, Ni. Cu. 
Ru, Rh, Pd, Ag. Os, Ir, Pt , and Au are preferred, and Cr, 
Mh, Fe, Co, Ni. and Cu are more preferred. The transition 
metal (b') may comprise one or more of these transition 
metals . 

The electrode material produced according to the 
present invention also includes an amorphous alloy 



10 



material (including an amorphous alloy particulate) 
chiefly comprising at least one kind of a metal (a') 
selected, from a group consisting of the above-mentioned 
metals capable of toeing alloyed with lithium and at least 
5 one kind of a transition metal (b') selected from a group 
consisting of the above-mentioned transition metals and 
which contains at least one kind of an element selected from 
a group consisting of B, C. N, O, P, and S. This amorphous 
alloy material may be produced by making a compound 
containing at least one kind of an element selected from a 
group consisting of B, c, N, O, P. and S to exist together 
with the foregoing metal compound (a) and the foregoing 
transition metal compound Cb> in the reaction system. These 
elements have an atomic radius which is smaller than that 
15 of each of the metal (a') and the transition metal (b') , and 
because of this, they facilitate the amortization. 
Particularly, B, C, N. and P has a more small atomic radius 
and therefore, these elements are more preferred for the 
amorphi z at ion - 

20 Iri a Preferred embodiment, the electrode material 

produced according to the electrode material-producing 
process of the present invention comprises an amorphous 
alloy material (including an amorphous alloy 

particulate) containing a Sn-A-X alloy with a 

25 substantially non- stoichiometric ratio composition as a 



X 



63 



10 



15 



20 



25 



principal constituent: . For the formula Sn ■ A - X , A 
indicates at least one kind of a transition metal element 
selected from a group consisting of Cr, Mn, Fe, Co, Nl , 
Cu. Mo, Tc, Ru, Rh, Pd, Ag r Os f Ir. Pt. Au f Ti, V, Y , Sc, 
Zr. Nb, H£, Ta, and W. X indicates at least one Kind of an 
element selected from a group consisting of B, c, N, O 
and S , wliere the element X is not always necessary to be 
contained. The content of the constituent element Sn of 
tine amorphous Sn * A * X alloy is preferred to have a 
relationship of Sn/(Sn + A + X) « 20 to 80 atomic% in terms 
of the number of atoms of each element (atom) of tb.e entire 
constituent elements sn, a and X. 

The "amorphous alloy with a substantially 
non- stoichiometric ratio composition" in the present 
invention means an amorphous alloy in which more than 
two Kinds of metal elements are not bonded at a simple 
integral ratio* That is, the "amorphous alloy with a 
substantially non- stoichiometric ratio composition" in 
the present invention is distinguished from an 
intermetallic compound in which more than two kinds of 
metal elements are bonded at a simple integral ratio. More 
concretely, the element composition of the "amorphous 
alloy" in the present invention is distinguished from 
that of any of known intermetallic compounds (which have a 
regular atomic arrangement and a crystalline structure 



which is quite dlf f erent from that of each, constituent metal ) , 
namely, it is distinguished from the composition {the 
stoichiometric composition) expressed by a prescribed 
structural formula in which more than -two kinds of metal 
5 elements are bonded at a simple integral ratio . It should 
be noted to the fact that those compounds in -which more than 
two kinds of metal elements are bonded at a simple 
integral ratio and which have a regular atomic arrangement 
and a crystalline structure which is quite different 

10 from that of each constituent metal are known as 
internetallic compounds . 

The "amorphous alloy with a substantially 
non- stoichiometric ratio composition" in the present 
invention is distinguished from such interraetallic 

15 compound* 

For instance, as for Sri- Co alloy r it is Widely 
known that Sn 2 Co 3 , SaCo, and Sn 2 Co which have a 
composition ratio in which the atomic ratio of Sn and Co 
is a simple integral ratio are antexnietallic compounds . 

20 However, the composition ratio of a Sn-Co alloy 

with the non- stoichiometric ratio composition which is 
produced by the electrode material-producing process of the 
present invention { see r example which will be later 
described) is deviated from that of said intermetallic 

25 compound and therefore, the former is clearly 



distinguished from the latter. la this way. the "amorphous 
alloy" in the present invention is of the composition 
which is quite different from the stoichiometric 
composition. In view of this, the "amorphous alloy" in the 
5 present invention is identified by the term 'amorphous 
allow with a aon-stoichiometrio ratio composition" . 

Whetner or not the amorphous alloy particulate 
contains amorphous phase or whether or not it is truly 
amorphous may be confirmed by the following analytical 
10 mettiodL. 

in a X-ray diffraction chart of a g ive n specimen 
*» which a Pea* intensity against a diffraction angle 
by X-ray diffraction analysis using K * - rays Qf Cu is 
appeared, in the case where tbe specimen is crystalline, 
15 a sbarp pea* is appeared. However, in the case where the 
specimen contains amorphous phase, a broad pea* with a 
weened half width is appeared, and in the case where the 
specimen is completely amorphous, no x-ray di ffractioil 
Pea* is appeared. Separately. according to a raaial 
distribution function curve which is obtained by way of 
calculation on the basis of data obtained in the x-ray 
diffraction analysis of a £ pecim e n. said radial 
distribution function curve being of a function 
showing the . situation that for a given atom 
existential probability of other atom is present at a point 
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being apart from said given atom at a given distance, 
in the case where the specimen is amozpbous , being 
different from the case of a crystalline whose 
interatomic distance is constant wherein a sharp peak is 
5 appeared at every point of a definite distance, it is 
understood that the density at a short distance in the 
vicinity of the foregoing given atom is large but it is 
diminished as the distance from the atom becomes distant. 

According to an electron diffraction pattern 
lo obtained by electron diffraction analysis, it is 
understood that in the course of shifting from a 
spot pattern of a crystalline to an amorphous nature, 
there are observed electron diffraction pattern 
changes from a ring pattern to . a diffuse ring 
pattern, then to a halo pattern. In the case where a 
material has a diffuse ring pattern, it is understood 
that the material contains amorphous phase, m the case 
where a material has a halo pattern, it is understood 
that the material is amorphous. 

According to analysis by means of a differential 
scanning calorimeter (DSC) , for an amorphous phase-bearing 
metal powder, there is observed a calorific pea* due to 
crystallization upon heating said metal powder (in the 
case of an amorphous phase-bearing Sn alloy powder, when 
it is heated at a temperature in a range of from 200 °C to 
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600 °C) . 

Now, ±11 the case where an amorphous alloy 
particulate lias an increased. amorphous phase 
proportion , It is understood from a peak appeared in 
a X-ray diffraction chart where a sharp peak: is 
appeared in the case of a crystalline, hut a broad 
pealt with a widened half width is appeared in the 
above case . 

The amorphous alloy material (particulate) 
produced by the production process of the present 
invention has a peak appeared in a range of 2 6 = 20 a to 
50* in X-ray diffraction with K a -rays of Cu, having a 
half width of preferably more than o .2° , more preferably 
more than 0.5°. 



The amorphous alloy material (particulate) has a 
crystallite size, which is calculated based on data 
obtained in the x-ray diffraction analysis of said 
amorphous alloy material (in an unused state) before 
neither charging nor discharging is operated for said 
amorphous alloy material, which is preferably in a range 
of less than SO run, more preferably in a range of less 
than 20 nm. 

The crystallite size of the amorphous alloy 
material (particulate) can be determined from the half 
25 width and diffraction angle of a peaJt of a X-ray 
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diffraction curve obtained using a radiation source 
comprising k a -rays of Cu and in accordance with the 
following Schexrer's equation. 

Lc = °- 94 * /(£ cos 6) [Soherrer's equation] 
Lc : crystallite size 
* = wavelength of X-ray beam 
0 t half width (radian) of the peak 
8 s Bragg angle of the diffraction line 
The proportion of the amorphous phase in the 
amorphous alloy material (particulate) can be readily 
obtain by making a X-ray diffraction peak intensity 
obtained from a crystallized product. which is 
obtained by subjecting a sample of said amorphous alloy 
material to a heat treatment at a temperature of more than 
600 TC in an atmosphere composed of inert gas or hydrogen 
gas, to be a crystalline of loo % (intensity ic) . 

When the X-ray diffraction peak Intensity of the 
amorphous alloy material is made to be la, the 
proportion of the amorphous phase is: (1 - la/ic) x loo %. 

As specific examples of the amorphous Sn-A-X 
alloy material produced by the production process of tie 
present invention, there can be mentioned those as will 
be illustrated below. 

(1) Specific examples of the amorphous alloy 
material with a composition comprising Sn element and 



the f oregoing element: A which comprises at least one kind 
of a transition metal element selected from a group 
consisting of Co, Ni, Fe, Cu, Cr , and Mn are; Sn-Co 
amorphous alloy, Sn-Ni amorphous alloy, Sn-Fe amorphous 
5 alloy, Sn-Cu amorphous alloy, Sn-Co-Ni amorphous alloy, 
Sn - Co -Cu amorphous alloy, Sn-Co-Fe amorphous alloy, Sn-NI-Cu 
amorphous alloy, Sn-Ni-Fe amorphous alloy, Sn-Co-Fe-Ni-Cr 
amorphous alloy, Sn-Co-Fe-Ni-Cr-Mo amorphous alloy, 
Sn-Co-CU-Fe-Ni-Cr amorphous alloy, and 

10 Sn-Co-Cu-Fe-Ni-Cr-Mn amorphous alloy. 

(2) Specific preferable examples of the amorphous 
alloy comprising any of the compositions describee in 
the above (1) to which the foregoing element X which 
comprises at least one kind of an element selected from a 

15 group consisting of B, C, N, O, P, and S is added are: 
Sn-Co-C amorphous alloy, Sn-Nl-C amorphous alloy, Sn-Fe-C 
amorphous alloy, Sn-Cu-C amorphous alloy, sn-Fe-Ni-Cr-C 
amorphous alloy, Sn-Co-Fe-Ni-Cr-C amorphous alloy, 
Sn-Cu-Fe-Ni-Cr-C amorphous alloy, Sn-Co-Fe-Ni-Cr-Mn-C 

20 amorphous alloy. Stt-Co-Cu-Fe-Ni-Cr-Mn-C amorphous alloy, 
Sn-Co-P amorphous alloy, Sn-Ni-P amorphous alloy, 
Sn-Fe-P amorphous alloy, sn-Cu-F amorphous alloy, 
Sn-Co-B amorphous alloy, Sn-Ni-B amorphous alloy, Sn-Fe-B 
amorphous alloy, Sn-Cu-B amorphous alloy, Sn-Co-p 

25 amorphous alloy, Sn-Co-N amorphous alloy, Sn-Ni-N 
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amorphous alloy, Sn-Fe-N amorphous alloy. Sn-Cu-N 
amorphous alloy. Sn-Co-s amorphous alloy, Sn-Nl-s 
amorphous alloy, Sn-Fe-S amorphous alloy, and Sn-Cu-s 
amorphous alloy. 

In a preferred embodiment, the electrode material 
produced by the electrode material-producing process of the 
present invention comprises an amorphous alloy 
particulate having an average particle size preferably 
in a range of from 0,1 urn to 2 nm or more preferably in a 
range of from 0-1 urn to i pm. said amorphous alloy 
particulate is desired to have a particle size 
distribution preferably in a range of from o.oi nm to 20 
Pm ' m ° re Preferab ^ ^ a range of from 0. 05 urn to 5 urn, 
or most preferably in a range of from O.05 urn to 1 um. 

The average particle si2e and the particle size 
distribution can be determined by a measuring method using 
a laser scattering method or a measuring method by means of 
canning electron microscope. 



a s 



Further, said amorphous alloy particulate is 



desired to have a specific surface area preferably in a 
range of more than 10 m*/g or more preferably in a range of 
more than 30 m*/g. The specific surface area can be 
measured by means of a bet ( Brunauer-Emmett -Teller ) 
method using gas absorption. 

25 In addltion ■ aforesaid amorphous alloy 
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particulate is desired to comprises particles 
preferably In a spherical form or more preferably in a 
form similar to a round form. Particularly. said 
amorphous alloy particulate is preferred to have a 
sphericity in ttat a value of [longest length of 
particle] /[shortest length of particle] is preferably in a 
range of 1.0 to 2.0 or more preferably in a range of i . o 
to 1-5 ±n an average value. 

The "longest lengtfc of particle" and the "shortest 
length of Part i 0 ie» meant that for an apparent plane 

of one particle of the amorphous alloy particulate in the 
observation by a scanning electron microscope, a length in 
a line direction which crosses the center of the plane 
and which becomes the longest is expressed as "longest 
length of particle", and a length in a line direction 
which crosses the center of the plane and which becomes 
the snortest is expressed as "shortest length of particle". 
And a value of Elongest length of p art icle] / [shortest 
length of particle] for said one particle is a value of said 
"longest length of particle" to said "shortest length of 
particle" . 

An average value of [longest length of 

particle] /[shortest length of particle] for the amorphous 
alloy particulate can be determined by obtaining a 
value of [longest length of particle] / [shorted length of 
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particle] for each of, for instance, 20 particles of the 
amorphous alloy particulate in the manner as described in 
the above and calculating an average value of the 
resultant 2o values of [longest length of 

5 particle] /[shortest length of particle]. 

Now. in the step of forming an amorphous alloy by 
way of the chemical reduction reaction in the electrode 
material -producing process of the present invention, the 
reduction reaction is performed in the solvent and 
10 therefore, the reduction reaction is uniformly occurred 
in the entire reaction system as previously described. 
Because of this, there is an effect in that there is 
afforded an amorphous alloy particulate comprising 
particles having a relatively uniform particle form and a 
IS relatively uniform particle size. This effect is more 
improved by conducting agitation upon the reduction 
reaction treatment such that said amorphous alloy 
particulate afforded becomes to comprise particles 
having a desirably complete particle size and a desirably 
20 complete particle form similar to a round form. 

In the following, description will be made of an 
electrode structural body and a process for producing said 
electrode structural body in the present invention. 

FIG. 4 is a schematic cross -sectional view 
25 illustrating an electrode structural body 405 which 
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contains an electrode material comprising an amorphous 
alloy material (particulate) obtained by the electrode 
material-producing process of the present invention. 

The electrode structural body 405 shown in FIG. 4 
comprises ^ electrode material layer 404 (an electrode 
active material layer) provided on a collector 400. The 
electrode material layer 404 comprises an amorphous alloy 
particulate 401, a bidder 402, and an electrically 
conductive auxiliary 4 03 . Xn pig. 4 , tlle electrode 
material layer 404 i S provided only on one side of the 
collector 400. However, it is possible for the electrode 
material layer to be provided on each of the opposite 
faces of the collector 400. 

Description will be made of examples of a process 
for producing the electrode structural body 405 . 

The electrode structural body 405 shown i n pig. 
4 may be prepared by mixing a given amorphous alloy 
Particulate 401 of obtained by the electrode 
material-product process of the present invention which 
is capable of being alloyed with lith iuin m t he 
electrochemical reaction, a give* electrically conductive 
auxiliary 403, and a give n binder 402 to obtain a mixture 
adding a given solvent to said mixture while adjusting the 
viscosity to obtain a paste, applying said paste on a 
collector 400, and drying the paste applied to form an 



% 



74 



electrode material layer 404 cm the collector 400. m this 
case, the thickness or density of the electrode material 
layer 404 formed may be adjusted by means of roll press or 
tbe ldUte. 

Tbe application of tbe above paste on the collector 
may be conducted, for in.tance, by a coater coating method 
or a screen-printing method. 

Tbe electrode material layer 404 may be formed by 
arranging a mixture obtained by mixing t:he amorphous 
alloy particulate, the electrically conductive auxiliary 
and the binder without using the solvent or a nature 
obtained by mining the amorphous alloy particulate and the 
electrically conductive auxiliary without using the 
solvent and the binder on tbe collector and subjecting the 
mixture arranged on the collector to a press forming 
treatment: , 

It. the following, description win „« Kaae oe ^ 
ooil.ctox too. t he binto 402 ma the , leotrlca:Lly 

conductive auxiliary 403. 
Collector- 400 s 

The collector 400 serves to SUppl y ^ electric 

current such that said elertn^ 

electric current can be 

.«icieutiy for tte electroae Mllot;Lon upon 

=*axcri» g end it ai S o serve* to ooll.^ m « leotrl<5 
a.uerated upon discharging. Pattio^arly ln the ==se where 
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the electrode structural body 404 is used as the anode of 
a rechargeable lithium batteiy. as the constituent of the 
collector 400, it is desired to use a material having a 
high electric conductivity and which is inactive to the 
battery reaction. As preferable examples of such 
material, there can be mentioned metallic materials tfhi cix 
are incapable of being alloyed with lithium in the 
electrochemical reaction. Specific examples of such 
metallic material are metals such as Cu. Ni. Fe , Ti. and 
the like, and alloys of these metals sue* as stainless 
steel. The collector 400 is desired to be in the form of a 
Plate shape. The plate shape in this case may be of a 
thickness in a practical range. The plate shape can 
delude a so-called "foil" configuration with a thickness 
of about 100 w or less. Besides, it is possible to employ 
a mesh member, a sponge member, a fibrous member, a punching 
metal member, and an expended metal member, respectively 
in the form of a plate shape. 
Binder 402^ 

As the binder 402, it is possible to use an organic 

polymer material wMrh s - . 

wnxcn is water-soluble or- 

water-^soluble. However, it is mo re preferred to use a 
water-soluble organic poller material as the binder 402. 

Specific examples of such water-soluble organic 

polymer material are polyvinyl 

F«j-yvinyi alcohol , carboxymethyl 
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cellulose, methyl cellulose, ethyl cellulose, is o propyl 
cellulose, hydxoxymethyl cellulose, hydroxyethyl cellulose, 
hydroxypropylinethyl cellulose. cyanoethyl cellulose, 
ethyl-hydroxyethyl cellulose, starch, dextran, pullulan, 
polysarcosine, polyoxyethlene, polyvinylpyrrolidone, gum 
arabic < tragacanth gum, ana polyvinyl acetate. 

Specific examples of such water-insoluble organic 
polymer material are fluorine -containing polymer, such as 
polyvinyl fluoride, polyvinylidene fluoride, 

tetrafluoroetHylene polymer, trif luoroethylene polymer, 
difluoroerhylene polymer, ethylene -tetraf luoroethylene 
copolymer, tetraf luoroethylene -hexaf luoropropylene 

copolymer, tetraf luoroethylene -perf luoroalKylvinyl ether 
copolymer, and trif luoroetylene chloride polymer; 
polyoleflns such as polyethylene and polypropylene 
ethylene-propylene-diethane terpolymer; silicone resin,- 
polyvinyl chloride.- and polyvinyl butyral. 

The rate occupied by the binder 402 in the electrode 
material layer 404 is desired to be preferably in a range 
of from 1 * fay weight to 20 % by weight or more preferably 
in a rang, of from 2 % by weight to 10 % by weight in order 
to retain a large amount of an active material in the 
electrode material layer upon charging. 
Electrically Conductive Auxiliary 403= 

The electrically conductive auxiliary 403 can 
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include amorphous carbon materials such as acetylene black , 
3cet jen black, and. trie lUte, carbonous materials such as 
graphite structure carbon, and. the like, and metallic 
materials such as Ni, Cu, Ag. Ti. Pt. Al. Co, Fe, Cr, ana 
5 the like- As the electrically conductive auxiliary, for 
example, such carbon material or such metallic material 
aa above illustrated is used by blending it in an amount in 
a range of from 0 to 30 * by weight of the electrode 
material layer. 

10 Tlle electrically conductive auxiliary 403 is 

preferred to be in a spherical form, a flake form, a 
filament form, a fabric form, a spike form, or a needle form. 
In a more preferred embodiment, by adopting two kinds of 
forms of these forms, it is possible to increase the packing 
density upon forming the electrode material layer so that 
the resulting electrode material layer has a small 
impedance . 

Now, an electrode material comprising an amorphous 
alloy material (particulate) obtained by the electrode 
material-producing process of tlie present invention which 
is used in the electrode material layer (the active material 
layer) has a volume expansion upon charging in 
comparison with a conventional carbonous material such as 
graphite or the like. Because of this, when tbe density of 
the electrode material layer formed on the collector 
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lis ±ii g the amorphous alloy material (particulate) as Its 
principal constituent material is excessively high, there 
is a tendency that the volume of the electrode material 
layer is expanded upon charging and peeling is liable 
5 to occur between the electrode material layer and the 
collector. In the case where the density of the electrode 
material layer is excessively small, there is a tendency 
that the contact resistance among the particles of the 
amorphous alloy particulate is liable to increase whereby 
10 reducing the current -collecting performance. In this 
connection, the density of the electrode material layer 
is desired to be preferably in a range of from 2.3 to 3,5 
g/cm 3 or more preferably in a range of from 2.3 to 3-0 g/cm 3 . 

In the following, description will be made of an 
example of a rechargeable lithium battery and a process for 
producing said rechargeable lithium battery in the present 
invention, 

FIG - 5 is a conceptual view schematically 
illustrating the constitution of a rechargeable lithium 
battery according to the present invention. As shown in 
FIG, 5, an anode 501 comprising the foregoing electrode 
structural body (405) of the present invention and a 
cathode 502 are accommodated in a battery housing 507 (a 
battery case) .such that they are opposed to each other 
through an ion conductor 5 04 (an electrolyte) . And an anode 
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-terminal 505 ±3 electrically connected to "the anode 501. 
and. a cathode terminal 506 is electrically connected to the 
cathode 502. Reference numeral 503 Indicates an 
electrolyte solution comprising an electrolyte dissolved 
5 in a solvent - 

in the present invention, by using an electrode 
structural body (405) having such configuration as shown in 
FIG. 4 as the anode 501 „ because the anode 501 comprises 
a specific amorphous alloy material (particulate) which is 
10 expanded, a little when it is alloyed with lithium upon 
charging, expansion and shrinkage of the anode are 
quite small In the battery housing 507 even when the 
charging and discharging cycle Is repeated, where the 
electrode material layer (which retains lithium upon 
charging) of the anode scarcely suffers fatigue 
failure. Thus, the rechargeable lithium battery has a 
markedly prolonged charging and discharging cycle life. 

Description will be made of each constituent of the 
rechargeable lithium battery. 
20 Anode 501: 

As the anode 501, the foregoing electrode structural 
bodies (405) of the present invention can be used as it is. 
Cathode 502t 

The cathode 502 as a counter electrode to the anode 
comprising aforesaid electrode structural body in the 
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rechargeable lithium battery comprises at least: a cathode 
active material capable of being a host material for lithium 
ion and a collector. Preferably, the cathode comprises a 
layer formed of said cathode active material capable of 
being a host material for lithium ion and a collector. The 
layer formed of the cathode material is preferred to 
comprise said cathode active material capable of being a host 
material for lithium ion and a binder, if necessary, also 
an electrically conductive auxiliary . 

As the cathode active material capable of being a 
host material for lithium ion used in the rechargeable 
litJiium battery, transition metal oxides f transition metal 
sulfides, transition metal nitrides, lithium-transition 
metal oxides . lithium- transit ion metal sulfides . and 
lithium- transition metal nitrides may be Selectively 
used. The transition metal elements of these transition 
metal oxides, transition metal sulfides, and transition 
metal nitrides can include metal elements having a d- shell 
or f-sHell. Specific examples of such metal element are Sc, 
Y, lanthanoids, actinoids, Ti, Zr, Hf r V, Nb, Ta, Cr, Mo, 
Mn, Tc, Re, Fe, Ru, Os r Co, Rh. Ir, Ni. Pb, Pt, Cu, Ag, 
and Au, 

also for the cathode active 



It is preferred 



material (or the cathode material) to comprise an amorphous 
phase-bearing material in order to increase the amount 
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(that is. the storage capacity) of lithium ion which 
intercalates . As well as In the case of the amorphous alloy 
material ( particulate ) constituting the anode , the 
amoiphous phase-beari ng material is desired to be such 
that in a X-ray diffraction chart (of X-ray diffraction 
intensity against a diffraction angle of 2 8 ) 9 lias a 
main peak, with a half width preferably of more than 0.2° 
or more preferably of more than 0.5° respectively 
against 2 0 . 

In the case where the cathode active material is in 
a powdery form, a cathode active material layer is formed 
by mixing said powder cathode active material with a 
binder to obtain a mixture and applying said mixture on 
the collector or by sintering said powder cathode active 
material on the collector, whereby forming the cathode- In 
the case where the conductivity of the powdery cathode 
active material is insufficient, as well as in the case of 
forming the electrode material layer (as the anode active 
material layer) for the foregoing electrode structural 
body, an adequate electrically conductive auxiliary is 
added. As said binder and said electrically conductive 
auxiliary, those mentioned in the above which are used for 
the formation of the electrode structural body (405) of the 
present invention may be used* 

The collector of the cathode may be constituted by 
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a metal such, as Al, Ti, Pi:, or Ni „ or an alloy such as 
sta.xnJ.ess steel. 
Ion Conductor 504? 

As the Ion conductor SO 4 used in the 
rechargeable lithium battery o£ the present invention, 
there may be used a separator having an electrolyte 
solution (a supporting electrolyte solution obtained by 
dissolving a given supporting electrolyte in an adequate 
solvent) retained therein, a solid electrolyte, or a 
solidified electrolyte obtained by gelling an adequate 
electrolyte solution by a high molecular gelling agent. 

The ion conductor used in the rechargeable 
litbium battery of the present invention is necessary to 
Have an ionic conductivity at 25 *C which is preferably 
more than IxlO" 3 S/cm or more preferably more than 5 x 10 " 3 
S/cm. 



Tne supporting electrolyte can include inorganic 
acids such as H 2 SO<, HC1 andHN0 3 ; salts of Li + (lithium ion) 
witn Lewis acid ion such as BF 4 ", PF 6 \ AsF fi ", C10 4 ~, CF 3 S0 3 ~, 
20 or BPhr (With Ph being a phenyl group) ; and mixtures of these 
salts. Besides, salts of tne above described lewis acids ions 
with cations such as sodium ion. potassium ion r 
tetraaJUcylaiamonium ion, or the like are also usable. 

In any case, it is desired that tne above salts are 
25 used after they are subjected to dehydration or 



deoxygenation , for example, by way of heal: treatment under 
reduced pressure, 

The solvent in which the supporting electrolyte is 
dissolved can include acetonitrile, benzonitrile , 

5 propylene carbonate, ethylene carbonate , dimethyl carbonate . 
diethyl carbonate, climethylf ormamide r tetrahydrof uran , 
nitrobenzene , dichloroethane „ diethoxyethane r 

1 , 2- dime thoxye thane, chlorobenzene , T -butyrolactone , 
dioxolan, sulfolan, nitromethane , dimethyl sulfide, 

0 dimethyl sufoxide, methyl formate, 

3 -methyl- 2- oxdaz oly dinone , 2 -methyltetrahyOrof uran , 

3 -propylsydonone . sulfur dioxide . phosphoryl chloride , 
thionyl chloride, sulfuly chloride, and mixtures of these. 

As for these solvents, it is desired for them to be 

5 subjected to dehydration using activated alumina, 
molecular sieve, phosphorous pentaoxide , or calcium 
chloride, prior to their use. Depending upon some of these 
solvents, it is desired for them to be subjected to 
distillation in an atmosphere composed of inert gas in the 

0 presence of an alkali metal, where moisture and foreign 
matter are removed. 

In order to prevent leakage of the electrolyte 
solution, it is desired to use a solid electrolyte or 
solidified electrolyte. 

> The solid electrolyte can include a glass 
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material snob, as an oxide material compri s in g lithium, 
silicou , phosphorus , and oacygen elements, a polymer 
chelate comprising an organic polymer: having an ether 
structure , and the like . 

The solidified electrolyte can include those 
obtained by gelling a given electrolyte solution by a 
gelling agent to solidify said electrolyte solution, As 
the gelling agent, it is desired to use a polymer having 
a property of absorbing the solvent of the electrolyte 
solution to swell or a porous material such as silicagel, 
capable of absorbing a large amount of liquid. Said 
polymer can include polyethylene oxide, polyvinyl 
alcohol, polyacrylamide , polymethylmethacrylate, and 
polyacrylonitrile . And these polymers are preferred to 
have a cross -linJcing structure. 

The separator is disposed between the anode and the 
cathode, and it serves to prevent the anode and the 
cathode from suffering from internal-shorts. It also 
serves to retain an electrolyte therein depending upon the 
situation- The separator having the electrolyte retained 
therein functions as the ion conductor. 

The separator is required to have a structure having 
a number of perforations capable of allowing lithium ion 
to pass therethrough and it is also required to be insoluble 
into and stable to the electrolyte solution. The separator 
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is preferred to be constituted by a. nonwoven fabric oar 
a roemberane having a micropore structure, made of glass, 
a polyolef in such as polypropylene , polyethylene or the 
like, or a fluororesia. Alternatively, the separator may 
be constituted by a metal oxide film or a resin film 
combined with a metal oxide, respectively having a 
plurality of micropores, in a preferred embodiment, the 
separator is constituted by a mult i layered metal oxide 
film* in this case, the separator effectively prevents a 
dendrite from passing therethrough and because of this, 
occurrence of internal-shorts between the anode and the 
cathode is desirably prevented- Besides, the separator 
may be constituted by an incombustible material such as 
a flnororesin film, a glass member or a metal oxide film. 
In this case r the safety can be more improved - 
Shape and Structure of Rechargeable Battery: 

The rechargeable battery of the present 
invention may be in the form of a flat round shape, a 
cylindrical shape, a prismatic shape, or a sheet-like 
shape. The structure of the rechargeable battery of the 
present invention may taXe a single layer structure, a 
spiral-wound cylindrical structure, or the like. In the 
case where the rechargeable battery is of a 
spiral -wound cylindrical structure, the anode, separator, 
and cathode are arranged in the named order and they are 
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spiral-wound and because of this ✓ it has advantages such 
that the battery area can be increased as desired and a 
high electric current can be flown upon charging and 
discharging. In the case where the rechargeable battery 
is of a prismatic structure or a single layer structure, 
there is an advantage in that the space of a device for 
housing the rechargeable battery can be effectively 
utilized • 

In the following, the shape and structure of a 
rechargeable lithium battery of the present invention 
wil1 detailed with reference to PlGs. 6 and 7. 

FIG. 6 is a schematic cross- sectional view 
illustrating an example of a single-layer flat round type 
(coin type) rechargeable lithium battery according to 
15 the present invention. PIG. 7 is a schematic 

cross-sectional view illustrating an example of a 
spiral -wound cylindrical type rechargeable lithium 
battery according to the present invention. 

In^ FIGs. 6 and 7 „ each of reference numerals 601 
and 703 indicates an anode, each of reference numerals 
603 and 706 a cathode, each of reference numerals 604 and 
7 08 an anode terminal Can anode cap or an anode can), each 
of reference numerals 605 and 709 a cathode terminal (a 
cathode can or a cathode cap), each of reference numerals 
602 and 707 an ion conductor, each of reference numerals 606 
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and 710 a gasket r reference numeral 701 an anode collector, 
reference numeral 704 a. cathode collector, reference 
numeral 711 an insulating plate, reference numeral 712 an 
anode lead, reference numeral 713 a cathode lead, and 
5 reference numeral 714 a safety vent. 

In the flat round type (coin type) rechargeable 
battery shown in FIG. 6, tne cathode 603 Having a cathode 
material (active material ) layer and the anode 601 having 
an anode material (active material) layer are stacked 
10 through the ion conductor 602 comprising a separator having 
at least an electrolyte solution retained therein to form 
a stacked body, and this stacked body is accommodated in 
the cathode can 605 as the cathode terminal from the 
cathode side, where the anode side is covered by the anode 
cap 604, as the anode terminal. And the gasket 606 is 
disposed in the remaining space of the catnode can. 

In the spiral -wound cylindrical type rechargeable 
battery shown in FIG. 7, the cathode 706 having a cathode 
material (active material) layer 705 formed on the cathode 
collector 704 and the anode 703 having an anode material 
(active material) layer 702 formed on the anode collector 
701 are opposed to each other through the ion conductor 
707 comprising a separator having at least an 
electrolyte solution retained therein, and wound in 
multiple to form a stacked body having *. multi-wound 
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cylindrical structure . The stacked body having the 
cylindrical structure is accommodated in tlie anode can 708 
as the anode ter m i nal . The cathode cap 709 as the cathode 
Terminal is provided on the opening side of the anode can 
5 708 , and the gasket 710 is disposed in the remaining space 
of the anode can. The electrode stacked body of the 
cylindrical structure is isolated from the cathode cap 
side through the insulating piate 711. The cathode 706 is 
electrically connected to the cathode cap 709 through the 
10 cathode lead 713. The anode 703 is electrically 
connected to the anode can 708 through the anode lead 712, 
The safety vent 714 for adjusting the internal pressure 
of the battery is provided on the cathode cap side. 

In the above, each of the active material layer 
15 of the anode 601 and the active material layer 702 of the 
anode 703 comprises a layer comprising an amorphous alloy 
material (particulate J obtained by the electrode 
material-producing process of the present invention. 

In the following, description will be made of an 
20 example of a process for fabricating a rechargeable 
lithium battery having such configuration as shown in FIG. 
6 or FIG, 7. 

(1) A comb in a t ion comprising the separator (602, 
707) interposed between the anode (601 r 703) and the 
cathode (€03, 706) is positioned in the cathode can (605) 
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or the anode can (708). 

(2) The electrolyte is introduced thereinto , and 
the resultant is assembled with the anode oap (604) or the 
cathode cap (709) and the gasket (606, 710). 

(3) The assembled body obtained in the step (2) is 
subjected to a caulking treatment, whereby the 
rechargeable lithium battery is completed ♦ 

In the battery fabrication, the preparation of the 
materials for the rechargeable lithium battery and the 
assembly of the battery are desired to be conducted in a 
dry air atmosphere whose moisture having been sufficiently 
removed or in a dry inert gas atmosphere. 

Description will be made of the members used in the 
fabrication of the above rechargeable lithium battery. 
15 insulating Packing: 

The gasket (606. 710) may be constituted by a 
fluororesin, a poly amide resin, a polysulfone resin, or a 
rubber material. The sealing of the battery may be 
conducted^ by way of glass- sealing, sealing using an 
20 adhesive, welding or soldering, besides the caulking 
using the insulating packing shown in the case shown in 
FIG- 6 or FIG. 7- 

The insulating plate 711 shown in FIG, 7 may be 
constituted by a material selected from organic resin 
25 materials and ceramics. 



10 



Battery Housing's 

37b© battery housing comprises the cathode can 
or the anode can (605. 70S), and the anode cap (604) or 
the cathode cap (709). Such battery housing preferably 
comprises a stainless steel sheet. Besides, it may 
comprise a titanium clad stainless steel sheet, a 
copper clad stainless steel sheet or a nickel plating steel 
sheet . 

In the case of FIG. 6, the cathode can (605) also 
functions as the battery housing, and in the case of 
FIG. 7, the anode can (708) also functions as the 
battery housing, and therefore, the battery housing in 
each case is desired to comprise a stainless steel. 
However, in the case where neither the cathode can nor the 
anode can also functions as the battery housing, a 
battery housing comprising said stainless steel, a 
metallic material of iron or zinc, a plastic material of 
polypropylene or the liJce, or a composite material comprising 
a metallic material or a glass fiber and a plastic material 
20 may be used. 
Safety Vents 

in the rechargeable lithium battery, a safety vent 
may be provided in order to ensure the safety when the 
internal pressure in the battery is increased. The safety 
vent may comprise a rubber, a spring, a metal ball or a 
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rupture foil . 

In the following, the present invention will be 
described in more detail with reference to examples. 
However, the scope of the present invention is not 
restricted to these examples . In the following description , 
"part" and ~%" stand for "part by weight" and "* by weight- 
respectively. 

Example 1 

In this example, there was prepared a rechargeable 
lithium battery having such cross -sectional structure as 
shown in PIG. 6. in the anode of the battery, there was used 
a Sn-Ni amorphous alloy material (particulate) prepared by 
the electrode material-producing process of the present 
invention. In the cathode, there was used lithium 
cobaltate. 

In the following, description will be made of 
preparation procedures of respective constituents of the 
battery and fabrication procedures of the battery with 
reference .to FIG. 6, starting from the preparation of an 
anode. 

I- Preparation of anode 601 : 

(1). Preparation of an alloy powder (particulate) as an 
electrode material: 

5.3 parts of a pentahydrate of tin (IV) 
chloride as the metal compound capable of being alloyed 



with lithium, 10.7 parts of a hexa hydrate of nickel (II) 
chloride as the transition metal compound, 75.0 parts of a 
dihydrate o£ trisodlnm citrate, a. 8 parts of 
ethylenediaminetetraacetic acidly and 6 - 8 parts of a 
5 potassium acetate respectively as the complexing agent 
were mixed with 100 parts of water as the solvent and 
sufficiently stirred to obtain a mixed solution- The 
mixed solution was introduced into the reaction vessel 
201 (provided with the starting material introduction 

lO device 202. the reflux device 203, the gas introduction pipe 
204, the agitator 205, and the temperature controlling 
equipment 206) shown in FIG. 2 through the starting 
material introduction device, and in order to maintain the 
inside of the reaction vessel in a nitrogen gas 

15 atmosphere, nitrogen gas was introduced into the reaction 
vessel through the gas introduction pipe, where excessive 
nitrogen gas was exhausted to the outside of the system 
through the reflux device- The reaction vessel having the 
mixed solution therein was heated to 70 °C by means of the 

20 temperature controlling equipment (water bath) , and the 
mixed solution in the reaction vessel was sufficiently 
stirred by means of the agitator. 

Here, a specimen of the mixed solution treated in 
the above was subjected to analysis by means of a 

25 risible-ultraviolet absorption spectrum analyzer, where an 
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minute . 

Thereafter, the content In the reaction vessel was 
taken out from the vessel, and it was washed with water, and 
vacuum-dried at so 'C. Thus, there was obtained a product 
comprising a Sn-Ni alloy power. 

A specimen of the resultant alloy powder was 
subjected to analysis by means of x-ray microanalysis 
(XMA). As a result, only Sn and Ni were detected without 
other elements being detected. Then, the specimen was 
subjected to analysis b y means of inductively coupled 
plasma emission analysis (ICP) . As a result, the content of 
Sn and that of Ni were found to be 61% and 39* respectively 
in terms of the atom number content. 

Separately, using an x-ray diffraction device 
RINT 200O (produced by Kabusiki Kalsha RIGAKU) , a specimen 
of the resultant alloy powder was subjected to wide angle 
X-ray diffraction analysis using K ct -rays of Cu as a 
radiation source, which gave peaks having a widened half 
width appeared in a region of 2 e= 25" to so" as shown 
in FIG . 8(1). And there were observed two main peaks 
one at 26 « 30.2° and another at 20 = 43.6° in the x-ray 
diffraction chart, having a half width of 0.8° and that 
of O.fi- , respectively. Th e presence of these peaks 
having a wide half width indicates that the resultant 
alloy powder is amorphous. Separately, calculation was 
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carried out on the basis of the half widths and the 
dif fraction angles of these peaks and in accordance with the 
foregoing Scherxer's equation. As a result, there were 
obtained a crystallite size o£ 11 ^ ^ another 
crystallite size of 15 nm. 

In addition, a specimen of tha resultant alloy 
powder *a fi subjected to measurement of particle size 
distribution by means of a particle size distribution 
measuring equipment using a laser scattering method. As a 
result, it wa S found to have an average particie size of 
0.23 nm and a particle size distribution of o.oe to 0.9 m . 

Further, a specimen of the resultant alloy powder 
was examined by means of a scanning electron microscope 
As a result, it was found that an average value of the 
[longest length of particle] / [shortest length of particle] 
i- 1.3. rrom this result, the resultant elloy powder was 
found to comprise spherical particles. 

Further in addition, a specimen of the resultant 
alloy powder was subjected to measurement of specific 
surface area by means of a BET method using nitrogen gaa . 
As a result, it was found to have a specific surface area 
of 60 mVg. 

(2). Preparation of an electrode structural body as 
an anode 6 01= 

9 0 parts of th« Sn-Ni alloy powder obtained in 



the above, 5 parts of a. graphite powder as an electrically 
conductive auxiliary, 2 parts of polyvinyl alcohol, and 3 
parts of car b oxynie thyl cellulose were mixed to obtain a 
mixture, and the mixture was mixed with 100 parts of water 
as a solvent , and stirred to obtain a paste-like 
product- The paste-liJce product was applied on a copper 
foil as a collector, followed by drying, and dried at 
150 °C under reduced pressure. 

Thus, there was obtained an electrode structural 
body as an anode 601 • 

2. Preparation of cathode 603 z 

90 parts of a powdery lithium cobaltate, 5 parts of 
an acetylene black, and 5 parts of a powdery 
polyvinylidene fluoride were mixed to obtain a mixture- The 
mixture was mixed with 100 parts of 

N-methyl-2-pyrroidone, followed by being stirred, to 
obtain a paste* like product. 

The paste- like product obtained in the above was 
applied on an aluminum foil as a collector, followed by 
drying, and dried at 150 °C under reduced pressure . 

Thus, there was obtained a cathode 603. 

3. Preparation of an electrolyte solutions 

Ethylene carbonate (EC) whose moisture having been 
sufficiently removed and dimethyl carbonate (DMC) whose 
moisture having been sufficiently removed were mixed at 



an ectutvalent mixing ratio , to obtain a solvent . 

1 M (mol/1) of lithium tetrafluoroborate (JliBFJ was 
dissolved ±n "the solvent obtained in the above to 
obtain an electrolyte solution. 
5 4. Provision of a separator 602: 

There was provided a separator comprising a 
polyethylene film member having a number of micropores ♦ 
By introducing the electrolyte solution at a later 
stage, the electrolyte solution becomes to retain in the 
0 micropores of the separator, where the separator having the 
electrolyte solution therein functions as the ion 
conductor . 

5. Fabrication of a rechargeable lithium battery s 

The fabrication of a rechargeable lithium battery 

5 was conducted in a dry atmosphere controlled with 
respect to moisture with a dew point of less than - 50 t. 

The separator 602 was sandwiched between the 
anode 601 and the cathode 603 r and the resultant was 
inserted in a cathode can 605 made of titanium clad 

0 stainless steel • Then. the electrolyte solution was 
introduced into the cathode can such that it was retained 
in the separator. Thereafter, the resultant was sealed 
using an anode cap 6 04 made of titanium clad stainless steel 
and an insulating packing 6 06 made of polypropylene, 

5 Thus , there was prepared a rechargeable lithium 
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battery having such cross - sectional structure as shown in 
FIG. 6. 

This rechargeable battery was made to be of an 
anode capacity-controlled type in that the cathode 
capacity is larger than the anode capacity. 

Evaluation of Battery Characteristics 
For the xjechargeable lithium battery obtained in 
this example „ evaluation was conducted with respect to 



battery characteristics . i.e., battery capacity, 
charge -and- discharge Coxzlombic efficiency, and charging 
and discharging cycle life, obtained by performing 
alternately charging and discharging, in the following 
manner . 

( 1 ) . Capacity Test 

The capacity test was conducted through the 
following charging and discharging cycle test. That is, 

charging is performed for 10 hours 



a cycle ±n that 

wherein first charging is performed with a constant 
electric current of a value of 0.1 C (an electric current 
of 0*1 time a value of capacity/ time) obtained on the 
basis of an electric capacitance calculated from the 
cathode active material of the rechargeable lithium 
battery, when the battery voltage reaches 4.2 V, the first 
charging is terminated, followed by performing second 
25 charging with a constant voltage of 4.2; a pause for 10 
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minutes Is taken, then discharging is performed with 
a constant electric current of aforesaid value of o . l c 
(the electric current of o.i time the value of the 
capacity /the tune) until the battery voltage reaches 2.8 
V, and a pause for 10 minutes is taken, was repeated three 
times. The battery capacity was evaluated on the basis of 
a value obtained from a discharged electricity quantity 
provided in the third cycle. 

(2) . Charge-and-discharge Coulombic efficiency t 

The charge-and~ discharge Coulombic efficiency was 
obtained in the following manner. That is, a proportion of 
the discharged electricity quantity to the charged 
electricity quantity in the above capacity test was 
calculated. The resultant proportion value was made to be 
a charge - and- discharge Coulombic efficiency for the battery . 

(3) . Charging and discharging cycle life: 

The charging and discharging cycle life was 
evaluated in the following manner. The charging and 
discharging cycle test was conducted by repeating a cycle 
of alternately performing charging and discharging with a 
constant electric current of O.s C (an electric current of 
0.5 time a value of the capacity/ the time) on the basis of 
the discharged electricity quantity in the third cycle in 
the above capacity test and taking a pa u se for 10 
minutes. And the number of the charging ana discharging 



% 



lOO 



cycles when the initial battery capacity became less them 
60 * was made to be a charging and discharging cycle 
life for the battery. 

In the above evaluation, the cut-off voltage upon 
the charging was made to be 4.5 V, and that upon the 
discharging was made to be 2.5 v. 

The evaluated results obtained in the above are 
collectively shown in Table 1. 

Example 2 

in this example, there was prepared a rechargeable 
lithium battery having such cross-sectional structure as 
shown in FIG. 6 by repeating the procedures of Example 1 
except that the anode was prepared using a Sn-Co amorphous 
alloy material (particulate) prepared as will be described 
below . 

The rechargeable lithium battery obtained in this 
example was evaluated with respect to its battery 
characteristics in the same manner as in Example 1. The 
evaluated results are shown in Table 1. 
Preparation of anode 601s 

(1). Preparation of an alloy powder (particulate) as an 
electrode materials 

5.3 parts of a pentahydrate of tin (IV) chloride 
as tne metal compound capable of being alloyed with 
lithium, 10.7 parts of a hexahydrate of cobalt (II) 
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chloride as the transition metal compound, 75.0 parts of a 
dihydrata of trisodiura citrate, 8.8 parts of 
ethylanediaminetetraacetic acid, and 8.8 parts of a 
potassium acetate respectively as tlie complying agent 
were misced with 100 parts of water as the solvent and 
sufficiently stirred to obtain a mixed solution- The 
miXed S ° lution was ^reduced "to the reaction v esse l 201 
(provided with the starting material introduction device 
202, the reflux device 203, the gas introduction pipe 204 . 
the agitator 205 . and the temperature controlling 
equipment 206) shown in FIG . 2 through the starting 
material introduction device, and in order to maintain the 
inside of the reaction vessel in a nitrogen gas 
atmosphere, nitrogen gas was introduced into the reaction 
vessel through the gas introduction pipe, where excessive 
nitrogen gas was exhausted to the outside of the system 
through the reflux device. The reaction vessel having the 
mixed solution therein was heated to 70 "C by mean8 o£ the 
temperature controlling equipment (water bath) . and the 
raided solution in the reaction vessel was sufficiently 
stirred by means of the agitator. 

Here, a specimen of the mixed solution treated in 
the above was subjected to analysis by means of a 
visible-ultraviolet absorption spectrum analyzer. As a 
result, as well as in Example 1. it was found that a complex 
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formed toy the metal of the metal compound (capable of 
toeing alloyed with lithium) and the completing agent 
and a complex formed toy the transition metal of the transition 
metal compound and the complexing agent axe contained in 
5 the ' mixed solution , 

Then, a solution obtained by dissolving 23.1 
parts of a titanium (III) chloride as the reducing agent 
in 73.3 parts of water was heated to 70 *C and added to the 
mixed solution in the reaction vessel through the starting 
10 material introduction device, followed by being 

sufficiently stirred. This addihg and mixing step was 
performed within one minute. The p k value of the solution 
in the reaction vessel was measured. As a result, the 
solution was found to have a pH value of 0 . 1. 

Thereafter, a potassium hydroxide aqueous solution 
of 8N was added to the solution in the reaction vessel 
through the starting material introduction device while 
stirring the solution, so that the P H value of the 
solution became to be a.o, and the solution in the 
reaction vessel was subjected to a heat treatment at 70 t 
for 30 minutes. The adding and mixing step of the potassium 
hydroxide aqueous solution here was performed within one 
minute. 

Thereafter, the content in the reaction vessel was 
tafcen out from the vessel, and it was washed with water, and 
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vacuum-dried at SO t. Thus, there was obtained a product 
comprising a Sn-Co alloy power. 

A specimen of the resultant alloy powder was 
subjected to analysis by means of X-ray microanalysis 
(XMA) . As a result , only Sn and Co were detected without 
other elements being detected. Then, the specimen was 
subjected to analysis by means of inductively coupled 
plasma emission analysis (ICP). As a result, the content of 
Sn and that of Co were found to be 75* and 25% respectively 
in terms of the atom number content. 

Separately, using an X-ray diffraction device 
RINT 2000 (produced by Kabusiki Kaisha RIGAKU) , a specimen 
of the resultant alloy powder was subjected to wide angle 
X-ray diffraction analysis using K a -rays of Cu as a 
radiation source, which gave peaks having a widened half 
width appeared in a region of 2 6 = 25° to SO" . And 
there were observed two main peaks one at 2 0 = 30.4° 
and another at 2 6 = 43. o" in the X-ray diffraction chart, 
having a half width of 0.6' and that of o.e' 
respectively. ^ presence of these peaks having a wide 
half width indicates that the resultant alloy powder is 
amorphous. Separately, calculation was carried out on 
the basis of the half widths and the diffraction angles 
of these peaks and in accordance with the foregoing Soherrer's 
equation. As a result, there were obtained a crystallite 
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size of 14 nm and another crystallite sl« of U „„. 

in addition, a specimen of the resultant alloy 
powder was sheeted to WMffie „ Mt ot paxtl<=le 

distribution by MMS of a particle distribution 

°~ «*- » -tt^, method. *s a 

~sult. It was found to „™ an averao. parole siae of 
0.4 Mm and a particle ala e distribution 

" the resultant alloy powder 

was e^ed by » f . , omi » g ele(3 tron 

A* a result, it „. found that ^ average ^ ^ ^ 

[longest lengtii of particlpi /r*v.^^ 

particie]/[shortest length of particle] 

is 1 - * - From ttuLs result- ^>. A _ 

a the resultant alloy powder was 

found to oororise spherical particles. 

further in addition, a specimen of the resultant 

alloy powder was subjected to neasur^ent of specific 

surface area by of a bs, .ethod usinu nltrooen 9 as 

- • it «. found to have a specific surface area 

of 75 m 2 /tj- 

(2). Preparation of an electr ftl1 » „ ^ 

e - Lectrode structural body as 

20 an anode 601; 

9 0 part. o£ the Sa . Co obtaiae<i 
the above, s parts of an acetylene Mac* powder as an 
.lectrically conductive auxiliary and . part, of a 
poiy^nyii^e fluoride powder were M^ed to obtain a 
»l*ture. and the -l^ture was aU^ with loo parts of 
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N-raethyl-z-pyrrolidone as a solvent, and stirred to 
obtain a paste-like product. The paste-like product was 
applied on a copper foil as a collector, followed by 
drying, and dried at 150 t under reduced pressure. 

Tnus, there was obtained an electrode structural 
body as an anode 601. 

Example 3 

in this example, there was prepared a rechargeable 
lithium battery having such cross -sectional structure M 
shown in FIG. 6 by repeating the procedures of Example 1 
except that the anode was prepared using a Sn-Ni amorphou S 
alloy material (particulate) prepared as will be described 
t>eiow - 

The rechargeable lithium battery obtained in this 
example was evaluated with respect to its battery 
characteristics in the same manner as in Example 1. The 
evaluated results are shown in Table 1. 
Preparation of anode 601; 

(1) - Preparation of an alloy powder (particulate) as an 
electrode materials 

11 parts of a pentahydrate of tin (IV) chloride 
as the metal compound capable o£ being alloyed with 
lithium, 7.1 parts of « hexahydrat* of nicKel (u) 
chloride as the transition metal compound. 75.0 parts of a 
lihydrate of trisoOium citrate, 8.8 parts of 
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ethyleneo^aminetetraacetic acid, and a. a parts of a 
P ° ta8Siia0 -lively a S the coding agent 

were mixed with loo parta of wt « as the solvent and 
sufficiently stirred to obtain a rai3ted so lution. The 
1«d -lution was introduced into the reaction vessel 
aoi (prided with the Parting intaroduc1:ion 
device 202. the reflux device 203 , the w induction pipe 
204. the agitator las. and the temperature controlling 
e9UiPment 2 ° 6) S *°™ ™- 2 through the s,ar,i ng 
material introduction devi ce , and in order to maintain the 
H«M. o f the reaction ve SSG l iri an ±ne:rt gag 
atmosphere, arson gas was introduced into the Action 
vessel through the gas introduction pipe, where exce SS ive 
argon gas w as exhausted to the outside of the system 
through the reflux device. *he faction vessel having the 
miXed S ° 1Uti0n Was ^^ed to 70 Xi hy means of the 

temperature control!^ equipment (water bath,, and the 
■nixed solution in the r,,— .„„ 

reaction vessel was sufficiently 

" UI * a T means m the agitator. 

Here. a specie o£ the mi*ed solution tre.tad in 

the ewe was subjected to analysis by Mana of . 
visible-ultraviolet absorption spectrum analyser As a 
-suit, as veil „ ta , it WM founa ^ ^ ^ 

OIMa ^ ^ ° r «- compound (capable or 

" lD9 ° 11 ° y " 1 — the =o„pl« ing aaont 
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and a complex formed by the transition metal of the 
transition metal compound and the completing agent are 
contained in tlie mixed solution. 

Then, a solution obtained by dissolving 27.8 
parts of a titanium (III) chloride as the reducing agent 
IX! 87.9 parts of water was heated to 70 t and added to 
the mi^ed solution in the reaction vessel through the 
starting material introduction device, followed by being 
sufficiently stirred. This adding and mixing atep was 
performed within one minute. The p H value of the solution 
in the reaction vessel was measured. As a result. the 
solution was found to have a pH value of 0.05. 

Thereafter, a potassium hydroxide aqueous solution 
of 8N was added to the solution in the reaction vessel 
through the starting material introduction device while 
stirring the solution, so that the pH value of the 
solution became to be 7.0, and the solution m rhe 
reaction vessel was subjected to a heat treatment at 90 "C 
for 2 hours. The adding and mining step of the potassium 
hydroxide aqueous solution here was performed within one 



minute . 



25 



Thereafter, the content in the reaction vessel was 
taken out from the vessel, and it was washed with w ater . and 
vacuum-dried at 50 t. Thus, there was obtained a product 
comprising a Sn-Ni alloy power. 
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A specimen of the resultant alloy powder was 
subjected, to analysis "by means of X-ray microanalysis 
(XMA). As a result, Sn, Ni, Ti, and O were detected 
without other elements being detected. Then, the specimen 
was subjected to analysis by means of inductively coupled 
plasma emission analysis (ICP) . As a result, the content of 
Sn, that of Ni, that of Tl, and that of O were found to be 
48%. 39%, 5% and 8* respectively in terms of the atom 
number content. 

Separately, using an X-ray diffraction device 
RINT 2000 (produced by Kabusiki Kaisha R1GAKU) , a specimen 
of the resultant alloy powder was subjected to wide angle 
X-ray diffraction analysis using K a -rays of cu as a 
radiation source, which gave peaks having a widened half 
width appeared In a region of 2 6 = 25° to 50* And 
there were observed two main peaks one at 2 0 - 30.6" 
and another at 2 B = 43 . 7* in the X-ray diffraction chart, 
having a half width of 0.6° and that of o.9« 
respectively. The presence of these peaks having a wide 
half width indicates that the resultant alloy powder 
is amorphous. Separately, calculation was carried out 
on the basis of the half widths and the diffraction 
angles of these peaks and in accordance with the foregoing 
Scherrer's equation. As a result, there were obtained a 
crystallite size of 11 zua and another crystallite size of 




10 nm . 

In addition r a specimen of the resultant alloy 
powder was subjected to measurement of particle size 
distribution by means of a particle size distribution 
5 measuring equipment using a laser scattering method. As a 
result, it was found to bave an average particle size of 
O.40 yua and a particle size distribution of 0 • 10 to 1.0 fim. 

Further, a specimen of the resultant alloy powder 
was examined by means of a scanning electron microscope . 
10 As a result, it was found that an average value of the 
[longest length of particle] / [shortest length of particle] 
is 1-5- From this result, the resultant alloy powder was 
found to comprise spherical particles. 

Further in addition, a specimen of the resultant 
15 alloy powder was subjected to measurement of specific 
surface area by means of a BET method using nitrogen gas . 
As a result, it was found to have a specific surface area 
of 52 m 2 /g. 

(2). Preparation of an electrode structural body as 
20 an anode 601 « 

90 parts of the Sn-Ni alloy powder obtained in 
the above was introduced into a planetary ball mill, where 
it was ground- for one hour. The resultant, 5 parts of a 
graphite powder as an electrically conductive 
25 auxiliary, 2 parts of polyvinyl alcohol, and 3 parts of 



carboxymethylcellulose were mixed to obtain a roixtxire „ 
and the mixture was mixed, with 100 parts of water as a 
solvent, and stirred to obtain a paste -like product - 
The paste-like product was applied on a copper foil as a 
collector, followed by drying, and dried at 150 *C under 
reduced pressure. 

Thiis r there was obtained an electrode structural 
body as an anode 601, 

Example 4 

In this example , there was prepared a rechargeable 
lithium battery having such cross -sectional structure as 
shown in FXG- 6 by repeating the procedures of Example 1 
except that the anode was prepared using a Sn-Ni 
amorphous alloy material ( particulate ) prepared as will 
be described below. 

The rechargeable lithium battery obtained in this 
example was evaluated with respect to its battery 
characteristics in the same manner as in Example 1 - The 
evaluated results are shown in Table 1. 
Preparation of anode 601: 

( 1 ) • Preparation of an alloy powder (particulate) as an 
electrode materials 

5,3 parts of a pentahydrate of tin (IV) chloride 
as the metal compound capable of being alloyed with 
lithium, 10.7 parts of a hexahydrate of nickel (II) 



chloride as the transition metal compound, 75.0 parts of a 
dihydrate of trisodium citrate, and a.8 parts of 
ethylenediaroinetctraacetic acid respectively as the 
complexing agent were mixed with LOO parts of water as 
S the solvent and sufficiently stirred to obtain a mixed 
solution. The mixed solution was introduced into the 
reaction vessel 201 (provided with the starting material 
introduction device 202, the reflux device 203, the gas 
introduction pipe 204 , the agitator 205 , and the temperature 

10 controlling equipment 206) shown in FIG - 2 through the 
starting material introduction device, and in order to 
maintain the inside of the reaction vessel in a nitrogen 
gas atmosphere, nitrogen gas was introduced into the 
reaction vessel through the gas introduction pipe r where 

15 excessive nitrogen gas was exhausted to the outside of the 
system through the reflux device. The reaction vessel 
having the mixed solution therein was heated to 36 X: by 
means of the temperature controlling equipment (water 
bath) , and the mixed solution in the reaction vessel was 

20 sufficiently stirred by means of the agitator. 

Here, a specimen of the mixed solution treated in 
the above was subjected to analysis by means of a 
visible -ultraviolet absorption spectrum analyzer . As a 
result „ as well as in Example 1, it was found that a complex 

25 formed by the metal of the . metal compound (capable of 



toeing alloyed with lithium) and the completing agent 
and a complex formed by -the transition metal of the 
transition metal compound and the completing agent are 
contained in the mixed solution. 
5 Then, a solution obtained by dissolving 23.1 

parts of a titanium (III) chloride as the reducing agent 
in 73,3 parts of water was heated to 36 °C and added to the 
mixed solution in the reaction vessel through the starting 
material introduction device, followed by being 

10 sufficiently stirred. This adding and mixing step was 
performed within one minute* The pH value of the solution 
in the reaction vessel was measured. As a result, the 
solution was found to have a pH value of 0.1. 

Thereaf ter„ a potassium hydroxide acjueous solution 

15 of SN was added to the solution in the reaction vessel 
through the starting material introduction device while 
stirring the solution, so that the pH value of the 
solution became to be 10 . 0, and the solution in the 
reaction Vessel was subjected, to a heat treatment at 36 t 

20 for 15 minutes. The adding and mixing step of the potassium 
hydroxide aqueous solution here was performed within one 
minute . 

Thereafter, the content in the reaction vessel was 
. taken out from the vessel, and it was washed with water, and 
25 vacuum- dried at SO *G . Thus, there was obtained a product 



comprising a Sn-Ni alloy power - 

A specimen of the resultant alloy powder- was 
subjected to analysis by means of X-ray microanalysis 
(XMA) - As a result, only sn and Ni were detected without 
other elements being detected* Then, the specimen was 
subjected to analysis by means of inductively coupled 
plasma emission analysis (XCP) - As a result , the content of 
Sn and that of Ni were found to be 75% and 25% respectively 
in terms of the atom number content - 

Separately, using an X-ray diffraction device 
RINT 2000 (produced by Kabusiki Kaisha RIGAKU) „ a specimen 
of the resultant alloy powder was subjected to wide angle 
X-ray diffraction analysis using K a -rays of Cu as a 
radiation source, which gave peaks having a widened half 
width appeared in a region of 2 © = 25° to 50° . And 
there were observed two main peaks one at 2 6 = 30.6° 
and another at 2 6 = 43 . 7° in the X-ray diffraction chart, 
having a half width of 0 - 6 ° and that of 0 - 7 ° , 
respectively- The presence of these peaks having a wide 
half width indicates that the resultant alloy powder 
is amorphous . Separately , calculation was carried out 
on the basis of the haJ_f widths and the diffraction angles 
of these peaks and in accordance with the foregoing 
Scherrer's equation. As a result, there were obtained a 
crystallite size of 14 nm and another crystallite size of 
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13 ran. 

In addition, a specimen of the resultant alloy 
powder- was subjected to measurement of particle size 
distribution by means of a particle size distribution 



result, it was found to have an average particle size of 
0.24 \xrti and a particle size distribution of 0.05 to 0.8 
Jim. 

Further r a specimen of the resultant alloy powder 
10 was examined by means of a scanning electron microscope. 
As a result, it was found that an average value of the 
[longest length of particle] / [shortest length of particle] 
is 1.2* From this result , the resultant alloy powder was 
found to comprise spherical particles. 
15 Further in addition, a specimen of the resultant 

alloy powder was subjected to measurement of specific 
surface area by me axis of a BET method using nitrogen gas. 
As a result, it was found to have a specific surface area 
of 95 m a /g* 

20 (2). Preparation of an electrode structural body as 

an anode 601s 

90 parts of the Sn-Ni alloy powder obtained in 
the above was introduced into a planetary ball mill, where 
it was ground for one hour. The resultant, 5 parts of an 

25 acetylene blacX powder as an electrically conductive 



5 



measuring equipment using a laser scattering method. As a 



auxiliary and S parts of a polyvinylidene f luoride 
powder- were mixed to obtain a mixture, and the mixture was 
mixed with 100 parts of N-methyl-2-pyrrolidone as a 
solvent f and stirred to obtain a paste-like product. 
5 The paste - liite product was applied on a copper foil as a 
collect oar, followed by drying, and dried at ISO °C under 
reduced pressure. 

Thus, there was obtained an electrode structural 
body as an anode 601. 
10 Example 5 

In this example r there was prepared a rechargeable 
lithium battery having such cross -sectional structure as 
shown in FIG. 6 by repeating the procedures of Example 1 
except that the anode was prepared using a Sn-Ni 
15 amorphous alloy material (particulate) prepared as will be 
described below. 

The rechargeable lithium battery obtained in this 
example was evaluated with respect to its battery 
characteristics in the same manner as in Example 1- The 
20 evaluated results are shown in Table 1. 
Prep arat ion of anode 601 = 

(1) , Preparation of an alloy powder (particulate) as an 
electrode material: 

11. o parts of a pentahydrate of tin (IV) 
25 chloride as the metal compound capable of being alloyed 
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with lithium, 7-1 ports of a hexahydrate of nickel (II) 
chloride as me transition metal compound, 5O.0 parts of a 
dihydrate of tr is odium citrate , and 2.0 parts of a 
sodium hydrogenphoephate respectively as the complexing 
5 agent: were mixed with 100 parts of water as trie solvent 
and sufficiently stirred to obtain a mixed solution. The 
mixed solution was introduced into trie reaction vessel 
201 (provided with the starting material introduction 
device 202, the reflux device 203, the gas introduction pipe 

10 204, the agitator; 205, and trie temperature controlling 
equipment 206} shown in FIG- 2 through the starting 
material introduction device, and in order to maintain the 
inside of the reaction vessel in a nitrogen gas 
atmosphere, nitrogen gas was introduced into the reaction 

15 vessel through the gas introduction pipe, where excessive 
nitrogen gas was exhausted to the outside of the system 
through the reflux device. The reaction vessel having the 
mixed solution therein was heated to 70 °C by means of the 
temperature controlling equipment (water bath), and the 

20 mixed solution in the reaction vessel was sufficiently 
stirred by means of the agitator . 



the above was subjected to analysis by means of a 
visible-ultraviolet absorption spectrum analyzer. As a 
25 result, as well as in Example 1, it was found that a complex 



Here, a specimen of the mixed solution treated in 



formed by the metal of the metal compound (capable of 
being alloyed with lithium) and the complexing agent 
and a complex formed by the transition metal of the 
transition metal compound and the complexing agent are 
5 contained in the mixed solution, 

Tnen, a solution obtained by dissolving 45.0 
parts of a sodium sulfite as the reducing agent in 168.9 
parts of water was lieated to 70 °C and added to the mixed 
solution in the reaction vessel through the starting 

10 material introduction device wnile stirring the mixed 
solution in the reaction vessel. And the solution in the 
reaction vessel was subjected to a heat treatment at 70 °C 
for 30 minutes. This adding and mixing step was performed 
within one minute , The pH value of the solution in the 

15 reaction vessel was measured* As a result. the solution 
was found to have a pH value of 5.7. 

Thereafter, the content in the reaction vessel was 
taken out from the vessel, and it was washed with water* and 
vacuum-dried at 50 t . Thus, there was obtained a product 

20 comprising a Sn-Ni ailoy power - 

A specimen of the resultant ailoy powder was 
subjected to analysis by means of X-ray microanalysis 
(XMA) . As a result, only Sn, Ni and S were detected 
without other elements being detected. Then, the specimen 

25 was subjected to analysis by means of inductively coupled 



plasma emission analysis (XCP) . As a result, the content: of 
So. that of Nt, and that of S were found to be 58%. 40%, 
and 2* respectively in terms of the atom number content. 

Separately, using an X-ray diffraction device 
5 RINT 2 000 (produced by Kabusilci Kalsba RIGAKU) , a specimen 
o£ the resultant alloy powder was subjected to wide angle 
X-ray diffraction analysis using K « -rays of cu as a 
radiation source, which gave peaks having a widened half 
width appeared in a region of 28 = 25" to 50* . And 

10 there were observed two main peaks one at 2 9 ~> 3 0.4* 
and another at 28 * 43,6* in the X-ray diffraction chart, 
having a half width of 0 . 5 0 and that of 0.6° r 
respectively* The presence of these peaJcs having a wide 
Half width indicates that the resultant alloy powder 

15 is amorphous * Separately 9 calculation was carried out 
on the basis of the half widths and the diffraction angles 
°f these peaJcs and in accordance With the foregoing 
Scherrers equation* As a result, there were obtained a 
crystallite size of 17 nra and another crystallite size of 

20 15 run. 

In addition, a specimen of the resultant alloy 
powder was subjected to measurement of particle size 
distribution by means of a particle size distribution 
measuring equipment using a laser scattering method. As a 
25 result , it: was found to have an average particle size of 
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0.4 urn and a particle size distribution of 0.11 to 1.1 
fim. 

Further, a specimen of the resultant alloy powder 
was examined by means of a scanning election microscope. 
As a result, it was found tbat an average value of the 
[longest length of particle] /c shortest length of particle] 
is 1.3. From this result, the resultant alloy powder was 
found to comprise spherical particles. 

Further in addition, a specimen of the resultant 
alloy powder was subjected to measurement of specific 
surface area by means of a BET method using nitrogen gas. 
As a result, it was found to have a specific surface area 
o£ 32 ntVg. 

(2). Preparation of an electrode structural body as 
is an anode 601: 

90 parts of the Sn-Ni alloy powder obtained in 
the above, 5 parrs of an acetylene black powder as an 
electrically conductive auxiliary, 2 parts of polyvinyl 
alcohol and 5 parts of carboxymethylcellulose were 
mixed to obtain a mixture . and the mixture was mixed with 
100 parts of water as a solvent, and stirred to obtain 
a paste-like product. The paste-liJce product was applied 
on a copper foil as a collector, followed by drying, and 
dried at ISO °C under reduced pressure. 

Thus, there was obtained an electrode structural 
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body as an anode 601. 

Sampl e 6 

In this example, there was prepared a rechargeable 
lithium battery Having such cross -sectional structure as 
shown in FIG. 6 by repeating the procedures of Example 1 
except that the anode was prepared using a Sn-Ni amorphous 
alloy material (particulate) prepared as will be described 
below. 

The rechargeable lithium battery obtained in this 
example was evaluated with respect to its battery 
characteristics in the same manner as in Example 1. The 
evaluated results are shown in Table 1. 
Preparation of anode 601s 

(1). Preparation of an alloy powder (particulate) as an 
15 electrode material; 

11-2 parts of a pentahydrate of tin (IV) 
chloride as the metal compound capable of being alloyed 
with lithium. 2.5 parts of a hexahydrate of nickel (IX) 
chloride as the transition metal compound, 37,5 parts of a 
dihydrate of trisodium citrate, and 2 parts of a sodium 
laurate respectively as the oomplexing agent were mixed 
with a mixed solvent comprising 50 parts of water and 50 
parts of ethanol as the solvent and sufficiently 
stirred to obtain a mixed solution. The mixed solution 
was Introduced, into the reaction vessel 201 (provided 
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with. the starting material introduction device 202 , the 
reflux device 203 r the gas introduction pipe 204, the 
agitator 205 , and the temperature controlling eqpiipment 
206) shown in fig, 2 through the starting material 
5 introduction device, and in order to maintain the inside of 
the reaction vessel in an inert gas atmosphere, argon 
gas was introduced into the reaction vessel through the gas 
introduction pipe # where excessive argon gas was 
exhausted to the outside of the system through the reflux 
10 device. The reaction vessel having the mixed solution 
therein was heated to 25 ^ by means of the temperature 
controlling equipment (water hath) , and the mixed solution 
in the reaction vessei was sufficiently stirred by means 
of the agitator. 
ls Here, a specimen of the mixed solution treated in 

the above was subjected to analysis by means of a 
visible-ultraviolet absorption spectrum analyzer. As a 
result, as well as in Example 1, it was found that a complex 
formed by the metal of the metal compound (capable of 
being alloyed with lithium) and the complexing agent 
and a complex formed by the transition metal of the 
transition metal compound and the complexing agent are 
contained in the mixed solution* 

Then, a. solution obtained by dissolving 46-3 
parts of a titanium (III) chloride as the reducing agent 
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in 103.7 parts of vater was heated to 25 and addled, 
to the mixed, solution in the reaction vessel thorough the 
starting material introduction device, followed hy being 
sufficiently stirred- This adding and mixing step was 
5 performed within one minute. The pH value of the solution 
in the reaction vessel was measured. As a result, the 
solution was found to have a pH value of o . 03 . 



of 8N was added to the solution in the reaction vessel 



stirring the solution, so that the pH value of the 
solution became to be 7.0, and the solution in the 
reaction vessel was subjected to a heat treatment at 25 
for 2 hours. The adding and mixing step of the potassium 
15 hydroxide aqueous solution here was performed within one 
minute. 

Thereafter, the content in the reaction vessel was 
taKen out from the vessel, and it was washed with water, and 
vacuum-dried at 50 "C. Thus, there was obtained a product 
20 comprising a Sn-Ni alloy power. 

A specimen of the resultant alloy powder was 
subjected to analysis by means of X-ray microanalysis 
(XMA) , as a result, Sn, Ni, Ti, and o were detected 
without other elements being detected. Then- the specimen 
25 was subjected to analysis: by means of inductively coupled 



Thereafter, a potassium hydroxide aqueous solution 
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through the starting material introduction device while 



plasma emission analysis (TCP). As a result, the content 
of Sn, that of Ni. that of Ti, and that of O were found to 
be 68% , 18%. 15% and 9% respectively in terms of the atom 
number content . 

5 Separately, using an X-ray diffraction device 

RINT 2000 (produced by Kabusiki Kaisha RIGAKU) , a specimen 
of the resultant alloy powder was subjected to wide angle 
X-ray diffraction analysis using K ct -rays of Cu as a 
radiation source, which gave peaks having a widened half 

10 width appeared in a region of 2^ = 25 B to 50* . And 
there were observed two main peaks one at 2 0 - 30,6* 
and another at 2.9 - 43.7* in the X-ray diffraction chart, 
having a half width of 0.4* and that of 0.5° , 
respectively- The presence of these peaks having a wide 

15 half width indicates that the resultant alloy powder 
is amorphous. Separately,, calculation was carried out 
on the basis of the half widths and the diffraction 
angles of these peaks and in accordance with the foregoing 
Scherrer's equation. As a result, there were obtained a 

20 crystallite size of 21 nm and another crystallite size of 
18 nm. 

In addition, a specimen of the resultant alloy 
powder was subjected to measurement of particle size 
distribution by means of a particle size distribution 
25 measuring equipment using a laser scattering method. As a 



result. It was found to Have an average particle size of 
0.33 Umanda particle size distribution of O.05 to 2.1 p. 

Further, a specimen of the resultant alloy powder 
~ aS eXam±Jleti meaas °f a scanning electron ndcro.cope. 
A3 a result, it w as f oiand that an average value of the 
[longest length of particle] /tshortest length of particle] 
is 1.3. From this result, the resultant alloy powder was 
found to comprise spherical particles. 

Further in addition, a specimen of the resultant 
alloy powder was subjected to measurement of specific 
surface area by means of a BET method using nitrogen gas . 
As a result, it was found to have a specific surface area 
of 31 m 2 /g- 

(2). Preparation of an electrode structural body as 
an anode 601 z 

90 parts of the sn-Ni alloy powder obtained in 
the above, 5 parts of a graphite powder as an 
electrically conductive auxiliary, 2 parta of polyvlIiy:L 
alcohol, and 3 parts of oarbo^thylcellulose were 
mi*ed to obtain a nature, and the mi*^ was 
with 100 parts of water as a solvent, and stirred to 
obtain a paste-like product. The paste-lifce pEoduct was 
applied on a copper foil as a collector, followed by 
drying, and dried at 150 t under reduced pressure. 

Thus, there was obtained an electrode structural 
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body as an anode 601. 

In this example, there was prepared a rechargeable 
lithium, battery having such cross -sectional structure as 
shown in FIG. 6 by repeating the procedures of Example 
1 except: that the anode was prepared using a Sn-Ni 
amorphous alloy material (particulate) prepared as will be 
des cribed below . 

The rechargeable lithium battery obtained in this 
example was evaluated with respect to its battery 
characteristics in the same manner as in Example 1. The 
evaluated results are shown in Table 1. 
Preparation of anode 601: 

(1) - Preparation of an alloy powder (particulate) as an 
15 electrode materials 

3.6 parts of a tin (II) nitrate as the metal 
compound capable of being alloyed with lithium, 13.7 
parts of a nickel (II) nitrate as the transition metal 
compound, and 26.5 parts of a dihydrate of trisodiuxn 
citrate as the Completing agent were mixed with 100 parts 
of water as the solvent and sufficiently stirred to 
obtain a mixed solution. The mixed solution was 
introduced into the reaction vessel 201 (provided with ' 
the starting material introduction device 202, the 
reflux device 203. the gas introduction pipe 204, the 
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agitator 20 5. and the temperature controlling equipment 
206) shown ±xi FIG- 2 -through, the starting material 
introduction device, and in order to maintain the inside 
of the reaction vessel in an inert gas atmosphere, 
5 argon gas was introduced into the reaction vessAl through 
the. gas introduction pipe, where excessive argon gas was 
exhausted to the outside of the system through the reflux 
device. The reaction vessel having the mixed solution 
therein was heated to 40 "C *>y means of the temperature 
10 controlling equipment (water bath) , and the mixed solution 
in the reaction vessel was sufficiently stirred by means 
of the agitator. 

Here, a specimen of the mixed solution treated in 
the above was subjected to analysis by means of a 
visible-ultraviolet absorption spectrum analyzer- As a 
result, as well as in Example 1, it was found that a complex 
formed by the metal of the metal compound (capable of 
being alloyed with lithium) and the completing agent 
and a complex formed by the transition metal of the 
transition metal compound and the completing agent are 
contained in the mixed solution. 

Then, a solution obtained by dissolving 83 _ 4 
parts of a titanium (III) chloride as the reducing agent 
in 264 parts of water was heated to 25 X: and added to 
25 the mixed solution in the reaction vessel through the 
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starting material introduction device, followed by being 
sufficiently stirred. This adding and mixing step was 
performed wi thin one minute. The pH value of the solution 
in the reaction vessel was measured. As a result , the 
5 solution was found to have a pH value of 0.02. 

Thereafter,, a potassium hydroxide aqueous 
solution of 8N was added to the solution in the reaction 
vessel through the starting material introduction device 
while stirring the solution, so that the pH value of the 
10 solution became to be 7*0. and the solution in the 
reaction vessel was subjected to a heat treatment at 40 a C 
for 2 hours. The adding and mixing step of the potassium 
hydroxide aqueous solution here was performed within one 
minute . 

Thereafter, the content in the reaction vessel was 
taken out from the vessel, and it was washed with water, and 
vacuum-dried at 50 °C _ Thus, there was obtained a product 
comprising a Sn-Ki alloy power. 

A specimen of the resultant alloy powder was 
subjected to analysis by means of X-ray microanalysis 
(XMA). As a result. Sn, Ni, Ti , and O were detected 
without other elements being detected. Then, the specimen 
was subjected to analysis by means of inductively coupled 
plasma emission analysis (TCP) . As a result , the oontent of 
Sn, that of Ni # that of Ti „ and that of O were found to be 
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47%. 3 0*, 23* and lO* respectively in tezms of the atom 
number content: . 

Separately, using an X-ray diffraction device 
RINT 2000 (produced by Kabusiki Kalsha RIGAKU) , a specimen 
of the resultant alloy powder was subjected to wide angle 
X-ray diffraction analysis using K a -rays of Cu as a 
radiation source, which gave peaks having a widened half 
width appeared in a region of 2 0 = 25° to 50° . And 
there were observed two main peaks one at 2.8 = 30.6° 
and another at 2.0 . 43.7° in the X-ray diffraction chart, 
having a half width of 0.2" and that of O . 3 * 
respectively. The presence of these peaks having a wide 
half width indicates that the resultant alloy powder 
is amorphous- Separately, calculation was carried out 
on the basis of the half widths and the diffraction 
angles of these peaks and in accordance with, the foregoing 
Scherrer's equation. As a result, there were obtained a 
crystallite size of 43 run and another crystallite size of 



powder was subjected to measurement of particle size 
distribution by means of a particle size distribution 
measuring equipment using a laser scattering method- As a 
result, it was found to have an average particle size of 
1.12 urn and a particle size distribution of 0.20 to 19. o iun. 



30 nm. 



In addition, a specimen of the resultant alloy 
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Further r a specimen of the resultant alloy powder 
was examined by means of a scanning electron microscope . 
As a result , it was found that an average value of the 
[longest length of particle] / [shortest length of particle] 
is 1.8. From this result, the resultant alloy powder was 
found to comprise spherical particles • 

Further in addition , a specimen of the resultant 
alloy powder was subjected to measurement of specific 
surface area by means of a BET method using nitrogen gas. 
As a result, it was found to nave a specific surface area 
of 11 mVg. 

(2), Preparation of an electrode structural body as 
an anode 601s 

90 parts of the Sn-Ni alloy powder obtained in 
tne above, 5 parts of a graphite powder as an 
electrically conductive auxiliary, 2 parts of polyvinyl 
alcohol, and 3 parts of carboxymethylcellulose were 
mixed to obtain a mixture r and the mixture was mixed 
with loo parts of water as a solvent, and stirred to 
obtain a paste -like product. The paste-like product was 
applied on a copper foil as a collector, followed by 
drying m and dried at 150 °C under reduced pressure. 

Thus, there was obtained an electrode structural 
body as an anode 601. 
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Example 8 

In this example, there was prepared a re charge able 
lithium battery having such cross- sectional structure as 
shown in FIG. 6 by repeating the procedures of Example l 
except that the anode was prepared using a Sn-Ni-Co 
amorphous alloy material (particulate) prepared as will 
be described below. 

The rechargeable lithium battery obtained in this 
example was evaluated with respect to its battery 
characteristics in the same manner as in Example l. The 
evaluated results are shown in Table 1. 
Preparation of anode 601: 

(1) - Preparation of an alloy powder (particulate) as an 
electrode material : 

11 parts of a pentahydrate of tin (XV) chloride 
as the metal compound capable of being alloyed with 
lithium, 3.6 parts of a hexahydrate of nickel (ii) 
chloride and 3.5 parts of a pentahydrate of cobalt (ii) 
chloride respectively as the transition metal compound, 
75.0 parts of a dihydrate of trisodlum citrate, 8.8 parts 
of ethylenediaminetetraacetlc acid and 8.8 parts of 
potassium acetate respectively as the completing agent 
were mixed with 10 0 parts of water as the solvent and 
sufficiently stirred to obtain a minced solution. The 
mixed solution was introduced into the reaction vessel 
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201 (provided with me starting material introduction 
device 202., the reflux device 203, the gas introduction 
pipe 204 , the agitator 205 , and the temperature controlling 
equipment 206) shown in FIG. 2 through the starting 
material introduction device, and in order to maintain the 
inside o£ the reaction vessel in an inert g as 
atmosphere, argon gas was introduced into the reaction 
vessel through the gas introduction pipe, where excessive 
argon gas was exhausted to the outside of the system 
through the reflux .device. The reaction vessel having the 
mixed solution therein was heated to 70 *C by means of the 
temperature controlling equipment (water hath) , and the 
mixed solution in the reaction vessel Va£ sufficiently 
stirred by means of the agitator. 

Here, a specimen of the mixed solution treated in 
the above was subjected to analysis by means of a 
visible-ultraviolet absorption spectrum analyzer. As a 
result, as well as ^ ExaxnpJLe l, it was found that a 
complex formed by the metal of the metal compound (capable 
of being alloyed with lithium) and the completing 
agent and a complex formed by the transition metal of 
the transition metal compound and the complying agent 
are contained in the mixed solution. 

Then, a solution obtained by dissolving 27.8 
parts of a titanium (in) cbloride as the reducing agent 
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in 87.9 parte of water was heated to 70 *C and added to 
the mixed solution in the reaction vessel through the 
starting material introduction device, followed by being 
sufficiently stirred. This adding and mixing step was 
performed within one minute. The pH value of the solution 
in the reaction vessel was measured. A s a result , the 
solution was found to have a P H value of 0.05. 

Thereafter, a potassium hydroxide aqueous solution 
of 8N was added * c the solution in the reaction vessel 
through the starting material introduction device while 
stirring the solution. so that the pH value of the 
solution became to be 7 .o, ^ the solution in the 
reaction vessel was subjected to a heat treatment at 90 «C 
for 2 hours. The adding and mixing step of the potassium 
hydroxide aqueous solution here was performed within one 



Thereafter, the content in the reaction vessel was 
taken out from the vessel, and it was washed with water, and 

vacuum- dried at so *C tv,,, „ 

SU ^. Thus, there was obtained a product 

comprising a Sn-Ki-Co alloy power. 

A specimen of the resultant alloy powder was 
subjected to analyse by means of x-ray microanalysis 
<XMM. As a result, Sn . Ni, and Co were detected 
without other elements being detected. Then, the specimen 
was subjected to analysis by means of inductively coupled 



lo 



% 



133 



plasma emission analysis (TCP). As a result, the content of 
Sn, that of Ni, and that of Co were found to t>e 61%. 14%^ 
and. 25* respectively in terms o£ the atom number content . 

Separately, using an X-ray diffraction device 
RINT 2000 (produced toy Kabusiki Kaisha RIGAKU) , a specimen 
of the resultant alloy powder was subjected to wide angle 
X-ray diffraction analysis using K cc -rays of Cu as a 
radiation source, which gave peaks having a widened half 
width appeared in a region of 2 0 = 25° to 50' . And 
there were observed two main peaks one at 2 6 = 30.6° 
and another at 2 6 = «.s" in the X-ray diffraction chart, 
Having a half width of 0.8 0 and that of 1.0 0 
respectively. The presence of these peaks having a wide 
half width indicates that the resultant alloy powder 
IS is amorphous. Separately, calculation was carried out 
on the basis of the half widths and the diffraction 
angles of these peaks and in accordance with the foregoing 
Scherrer's equation. As a result, there were obtained a 
crystallite size of 11 nm and another crystallite size of 
20 9 nm. 

In addition, a specimen of the resultant alloy 
powder was subjected to measurement of particle size 
distribution by means of a particle size distribution 
measuring equipment using a laser scattering method. As a 
25 result, it was found to have an average particle size of 
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0.35 and. a particle size distribution of 0.08 to 0.9 nm. 

Further, a specimen of the resultant alloy powder 
was examined, by means of a scanning election microscope . 
As a result, it was to unci that an average value of the 
[longest length of partiole] / f shortest length of particle] 
1-1.3. From this result, the resultant alloy powder was 
found to comprise spherical particles. 

Further in addition, a specimen of the resultant 
alloy powder was subjected to measurement of specific 
surface area by means of a BET method using nitrogen gas. 
As a result, it was found to have a specific surface area 
of 77 raVg. 

(2). Preparation of an electrode structural body as 
an anode 601 i 

90 parts of theSn-Ni-Co alloy powder obtained 
the above. 5 parts of a graphite powder as an 
electrically conductive auxiliary, 2 parts of polyvinyl 
alcohol, and 3 parts of oarboxyxnethylcellulose were 
mixed to obtain a mixture, and the mixture was mixed 
with 100 parts of water as a solvent, and stirred to 
Obtain a paste-like product. The paste-liXe product was 
applied on a copper foil as a collector, followed by 
drying, and dried at 150 t under reduced pressure. 

Thus, there was obtained an electrode structural 
body as an anode 6oi. 
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Example 9 

In this example, there was prepared a rechargeable 
lithium battery having such cross -sectional structure as 
shown la FIG- 6 by repeating the procedures of Example 1 
except that the anode was prepared, using a Sn-In-Ni 
amorphous alloy material (particulate) prepared as will 
be described below. 

The rechargeable lithium battery obtained in this 
example was evaluated with respect to its battery 
characteristics in the same manner as in Example 1. The 
evaluated results axe shown in Table l. 
Preparation of anode 601: 

(1). Preparation of an alloy powder (particulate) as an 
electrode materials 

5.3 parts of a pentahydxate of tin (IV) 
chloride and 4.5 parts of an indium (III) chloride 
respectively as the metal compound capable of being 
alloyed with lithium, lo.v parts of a hexahydrate of 
nicKel (ii) chloride as the transition metal compound, 73. 0 
parts of a dihydrate of trisodium citrate, 8.8 parts of 
ethylenedlaminetetraacetic acid and e.fi parts of 
potassium acetate respectively as the completing agent 
were ndxed with 100 parts of water as the solvent and 
sufficiently stirred to obtain a mixed solution. The 
mixed solution was introduced into the reaction vessel 



201 (provided with the starting material Introduction 
device 202, the reflux device 203, the gas Introduction 
pipe 204. the agitator 205, and the temperature 
controlling equipment 206) shown in FIG. 2 through the 
starting material introduction device, and in order to 
maintain the inside of the reaction vessel in an inert 
gas atmosphere , argon gas was Introduced into the reaction 
vessel through the gas introduction pipe, where excessive 
argon gas was exhausted to the outside of the system 
through the reflux device. The reaction vessel having the 
mixed solution therein was heated to 70 *C by means of the 
temperature controlling equipment (water bath) , and the 
mixed solution Isi the reaction vessel was sufficiently 
stirred by means of the agitator. 

Here, a specimen of the mixed solution treated in 
the above was subjected to analysis by means of a 
visible-ultraviolet absorption spectrum analyzer. As a 
result, as well as ^ Example 1, it was found that a 
complex formed by the metal of the metal compound 
(capable of being alloyed with lithium) and the 
complying agent and a complex formed by the 
transition metal of the transition metal compound and 
the eomplexing agent are contained in the mixed 
solution . 

Then, a solution obtained by dissolving 33. 0 
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parts of a titanium (III) chloride as the reducing agent 
in 104-7 parts of water was heated to 70 °C and added to 
The mixed solution in the reaction vessel through the 
starting material introduction device, followed t>y being 
sufficiently stirred. This adding and mixing step was 
performed within one minute. The pH value of the solution 
in the reaction vessel was measured. As a result, the 
solution was found to have a pH value of 0.05. 

Thereafter, a potassium hydroxide aqueous solution 
of 8N was added to the solution in the reaction vessel 
through the starting material introduction device while 
stirring the solution, so that the pH value of the 
solution became to be 7.0, and the solution in the 
reaction vessel was subjected to a heat treatment at 70 "C 
for one hour. The adding and mixing step of the potassium 
hydroxide aqueous solution here was performed within one 
minute. 

Thereafter, the content in the reaction vessel was 
taken out from the vessel, and it was washed with water, and 
vacuum- dried at SO . Thus, there was obtained a product 
comprising a Sn-In-Ni alloy power. 

A. specimen of the resultant alloy powder was 
subjected to analysis by means of X-ray microanalysis 
(XMA) . As a result, Sn, In and Nl were detected 
without other elements being detected. Then, the specimen 
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was subjected to analysis by means of inductively 
coupled plasma emission analysis (ICP) . As a result, the 
content of Sn, that of In, and. that of Ni were found to be 
65%, 10%, and 25* respectively i_n terms of tne atom number 
content . 

Separately, using an X-ray diffraction device 
RINT 2000 (produced by Kabusiki Kalsha RIGAKU) , a specimen 
of tne resultant alloy powder was subjected to wide angle 
X-ray diffraction analysis using K a -rays of Cu as a 
radiation source, which gave peaks having a widened half 
width appeared in a region of 2fl = 25 D to 50° . And 
there were observed two main peaks one at 2 3 = 30-7° 
and another at 2 8 - 43.7° in the X-ray diffraction chart, 
having a half width of 0.8° and that of 0.8° 
respectively. The presence of these peaks having a wide 
half width indicates that the resultant alloy powder 
is amorphous. Separately, calculation was carried out 
on the basis of the half widths and the diffraction 
angles of these peaks and in accordance with the foregoing 
Scnerrers equation. As a result, there were obtained a 
crystallite size of 11 nm and another crystallite size of 
11 nm. 

In addition, a specimen of the resultant alloy 
powder was subjected to measurement of particle size 
25 distribution by means of a particle size distribution 
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measuring equipment using a laser scattering method. As a 
result, it was found to have an average particle size of 
°- 31 P a*" 1 a particle size distribution of 0.08 to 1.0 \xm. 

Further, a specimen of the resultant alloy powder 
was examined by means of a scanning electron microscope . 
As a result, it was found that an average value of the 
[longest length of particle] / [shortest length of particle] 
is 1.4. From this result, the resultant alloy powder was 
found to comprise spherical particles. 

Further in addition, a. specimen of the resultant 
alloy powder was subjected to measurement of specific 
surface area by means of a BET method using nitrogen gas . 
As a result, it was found to have a specific surface area 
Of 62 mVg- 

15 (2). Preparation of an electrode structural body as 

an anode 601: 

90 parts of the Sn^ln-Ni alloy powder 
obtained in the above, 5 parts of a graphite powder as 
an electrically conductive auxiliary, 2 parts of polyvinyl 
20 alcohol, and 3 parts of carboxymethylcellulose were 
mixed to obtain a mixture, and the mixture was mixed 
with 100 parts of water as a solvent, and stirred to 
obtain a paste-liXe product. The paste-liice product was 
applied on a copper foil as a collector, followed by 
drying, and dried at 150 *C under reduced pressure. 
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Thus, there was obtained em electrode structural 
body as an anode 601. 

Example 10 

In This example, tHere was prepared a rechargeable 
lithium battery having such cross -sectional structure as 
snown in PIG. 6 by repeating the procedures of Example 1 
except that the anode was prepared using a Zn -N± 
amorphous alloy material (particulate) prepared as will 
be described below. 

The rechargeable lithium battery obtained in this 
example was evaluated with respect to its battery 
characteristics in the same manner as in Example 1. The 
evaluated results are shown in Table l. 
Preparation of anode 601= 

(1). Preparation of an alloy powder (particulate) as an 
electrode material i 

6.1 parts of a zinc (ll) chloride as the 
metal compound capable of being alloyed with lithium, 10 . 7 
parts of a hexahydrate of nickel (ii) chloride as the 
transition metal compound. 40.0 parts of a dihydrate of 
trisodlum citrate and 4.2 parts of a disodium 
ethylenediaminetetraaoete respectively as the complexing 
agent were mixed with loo parts of water as the solvent 
and sufficiently stirred to obtain a mixed solution. The 
mixed solution was introduced into the reaction vessel 
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of 17 m 2 /g_ 

(2). Preparation of an electrode structural body as 
an anode 601; 

90 parts of the Zn-Ni alloy powder obtained 
^ ab ° Ve ' 5 Pa - ts of ^ acetylene black powder as 

an electrically conducts auxUiary, 5 parts of a 

polyvinylidene fluoride powder were mixed to obtain a 
miXtUre ' the -Uttu*. — n^ed with 100 parts of 

N-n.ethyl-2-py.xolidcne as a solvit, an, stxrj:ed to 
obtain a P-te-l ike product. The product was 

appiied on a copper foil as a collector, followed by 
drying dried at 150 t under reduced pressure. 

THUS, there was obtained an electrode structural 
body as an anode 601. 

Example i i 

in this example, there was prepared a rechargeable 
iithiu* battery having such cross-sectional structure as 
shown in FIG. 6 by repeating the procedures o£ E.axnpie i 
except that the anode w as prepared _ iag ^ ^ 

axnoxphous alloy Serial (particul.te) prepared as will 
be deeoribed below. 

The rechargeable lithiuxn battery obtained in this 

eXMlPle ^ r** 11 **** ^ «-P-« to its battery 
characteristics in the S5UQ e m anner as in Exara ple 1. The 
evaluated results are shown in Table 1. 
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Preparation of anode 601: 

(1). Preparation of an alloy powder (particulate) as an 
electrode material : 

4.5 parts of an indium (III) ciaoride as the 
metal compound capable of being alloyed with lithium, 10 . 7 
parts of a hexahydrate of nicJcel (II) chloride as the 
transition metal compound., 40. o parts of a dihydrate of 
trie odium citrate and 4.2 parts of a disodium 
ethylenediaminetetraacete respectively as the complexing 
agent were mixed with 100 parts of water as the solvent 
and sufficiently stirred to obtain a mixed solution. The 
mixed solution was introduced into the reaction vessel 
201 (provided with the starting material introduction 
device 202, the reflux device 203, the gas introduction pipe 
204, the agitator 205, and the temperature controlling 
equipment 206) shown in FIG- 2 through the star-ting 
material introduction device, and in order to maintain the 
inside of the reaction vessel in an inert gas 
atmosphere, argon gas was introduced into the reaction 
vessel through the gas introduction pipe, where excessive 
argon gas was exhausted to the outside of the system 
through the reflux device. The reaction vessel having the 
mixed solution therein was heated to 70 "C by means of the 
temperature controlling equipment (water bath) , and the 
mixed solution in the reaction vessel was sufficiently 
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stirred by means of the agitator. 

Here, a specimen of the mixed solution treated in 
the above was subjected to analysis by means of a 
visible-ultraviolet absorption spectrum analyzer. As a 
result, as well as in Example i, it was found that a 
complex formed by the metal of the metal compound 
(capable of being alloyed with lithium) and the 
completing agent and a complex formed by the 
transition metail of the transition metal compound and 
the completing a gent are contained m the mixed 
solution. 

Then, a solution obtained by dissolving 7.5 
parts of a sodium thiosulf ate as the reducing agent in 
25 part:s . of water was heated to 70 *C and added to the 
mixed solution in the reaction v * sse i through the 
starting material introduction device, followed by being 
sufficiently stirred for one hour while maintaining the 
temperature of the solution at 70 <C . This adding and 
mincing step was performed within one minute. The pH value 
of the content In the reaction ve Sse i was measured. As a 
result. it was found to have a P H value of 6.5. 

Thereafter, the content in the reaction vessel was 
taken out from the vessel and it was washed with water, and 
vacuum-dried at 50 t. Thus, there was obtained a product 
comprising an In-Ni alloy power. 
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A specimen of the resultant alloy powder was 
subjected to analysis by means of X-ray microanalysis 
(XMA). As a result, la, Ni and S were detected without 
other elements being detected. Then, the specimen was 
subjected to analysis by means of inductively ccmpled 
Plasma emission analysis (icp) . As a result, the content of 
In, that of Ni, and that of s were found to be 48%, 44* , 
and 8% respectively in terms of the atom number content. 

Separately, using an X-ray diffraction device 
RINT 2000 (produced by Kabu 5 i*i Kaisha RIGAKU) , a specimen 
of the resultant alloy powder was subjected to wide angle 
X-ray diffraction analysis using x a. -rays of cu as a 
radiation source. As a r asu it, there were observed two 
main peaks one at 2 6 . 32 . 8 • and the other at 2 d = 
43.5" and in the X-ray diffraction chart, respectively 
Wing a half width of 0.5° and a half width of 0.6' .The 
presence of these peaks having snch wiae nalf w±dth 
indicates that the resultant alloy powder is amorphous. 
Separately, calculation was carried out on the basis of 
the half width and the diffraction angle of the peak and 
in accordance with the foregoing Scherrer's equation. As a 
result, there were obtained a crystallite s ize of 17 run 
and another crystallite size of 15 ran. 

In addition, a specimen of the resultant alloy 
powder was subjected to measurement of particle si 
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distribution by means of a particle size distribution 
measuring equipment using a laser scattering method. As a 
result, it was found to have an average particle size of 
0-8 pro and a particle size distribution of 0.18 to 14.2 
Mm- 

Further, a specimen of the resultant alloy powder 
was examined by means of a scanning electron microscope. 
As a result, it was found that an average value of the 
[longest length of particle ]/ f shortest length of particle] 
is 1.5. From this result, the resultant alloy powder was 
found to comprise spherical particles. 

Further In addition, a specimen of the resultant 
alloy powder was subjected to measurement of specific 
surface area by means of a BET method using nitrogen gas. 
As a result, it was found to have a specific surface area 
of 2 6 m 2 /g. 

(2). Preparation of an electrode structural body as 
an anode 601: 

9 0 parts of the In-Ni alloy powder obtained 
in the above, 5 parts of an acetylene black powder as 
an electrically conductive auxiliary, ^* 5 parts of a 
polyvinylidene fluoride powder were mixed to obtain a 
mixture, and the mixture was mixed with loo parts of 
N-methyl-2-pyrrolidone as a solvent, and stirred to 
obtain a paste-like product. The paste-llXe product was 
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applied on a coppar foil as a collector, followed by 
drying-, and dried at 150 °0 under- reduced pressure. 

Thus, there was obtained an electrode structural 
body as an anode 601. 

Rvamp le 12 

In this example, there was prepared a rechargeable 
lithium battery having such cross -sectional structure as 
shown in PIG. 6 by repeating the procedures of Example i 
except that the anode was prepared using a Sn-Ni 
amorphous alloy material (particulate) prepared using the 
fabrication apparatus shown in FIG. 3 as will be described 
below. As previously described, the fabrication apparatus 
shown In FIG. 3 comprises the starting material addition 
vessel 302, the reducing agent addition vessel 303. the 
mixing vessel 304, the addition vessel 308, the reaction 
vessel 301, and the product recovery vessel 309 . 

The rechargeable lithium battery obtained in this 
example was evaluated with respect to its battery 
characteristics in the same manner as in Example l. The 
evaluated results are shown in Table 1. 
Preparation of anode 601: 

(1) . Preparation of an alloy powder (particulate) as an 
electrode material: 

53 parts of a pentabydrate of tin (IV) chloride 
as the metal compound capable of being alloyed with 



lithium, 107 parts of a hexahydrate of nie3cel (II) 
chloride as the transition metal compound. 75 0 parts of a 
dUiydrate of trisodium citrate, 88 parts of 
ethylenediaminetetraacetic acid and B8 parts of a 
S potassium acetate respectively as the complexing agent 
were mixed with 9X4 parts of water as trie solvent and 
sufficiently stirred to obtain a mixed solution- The 
mixed solution was introduced into the starting material 
addition vessel 302 (charged with nitrogen gas] of the 

10 fabrication apparatus shown in FIG* 3, where the mixed 

solution was well stirred by means of the agitator and it 
was heated to and maintained at 70 t by means of the 
temperature controlling equipment . 

Here, a specimen of the mixed solution treated in 

15 the above was subjected to analysis by means of a 
visible-ultraviolet absorption spectrum analyzer. As a 
result , as well as in Example 1 , it was found that a complex 
formed by the metal of the metal compound (capable of 
being alloyed with lithium) and the complexing agent 

20 and a complex formed by the transition metal of the 
transition metal compound and the complexing agent are 
contained in the mixed solution. 

Separately, a mixture comprising 231 parts of a 
titanium ( IX I ) chloride as the reducing agent and 769 

25 parts of water was introduced into the reducing agent 



addition vessel 303 charged with, nitrogen gas, wbere the 
mixture was well stirred by means of the agitator and 
heated to and maintained at 70 "C by means of the 
temperature controlling equipment . 
5 Further, a potassium hydroxide aqueous solution of 

8N was introduced into the addition vessel 308 # where it was 
heated to and maintained at 70 by me ans of the 

temperature controlling equipment - 

Then, the flow rate regulating valve of each of 

10 the starting material addition vessel 302, the reducing 
agent addition vessel 303, the mincing vessel 304, the 
reaction vessel 301, and the addition vessel 308 was opened 
While regulating the opening of the valve. 

That is r the flow rate regulating valve of the 

15 starting material addition vessel 302 was opened to flow 
the mixed solution in the starting material addition 
vessel into the mixing vessel 304 at a prescribed flow rate 
by regulating the opening of the flow rate regulating 
valve and the flow rate regulating valve of the reducing 

20 agent addition vessel 3 03 was opened to flow the 
reducing agent solution in the reducing agent addition 
vessel into the mixing vessel 304 at a prescribed flow 
rate by regulating the opening of the flow rate 
regulating valve , where a mixture comprising the mixed 

25 solution and the reducing agent solution introduced into 



the mixing vessel was well stirred by stirring by means 
of the agitator while adjusting the temperature of the 
mixture to 70 *t by means of the temperature controlling 
equipment - 

5 The flow rate regulating valve of the mixing 

vessel 304 was opened to flow the solution obtained 
in the mixing vessel into the reaction vessel 301 at a 
prescribed flow rate by regulating the opening of the 
flow rate regulating valve and the flow rate 

xo regulating valve of the addition vessel 30 6 was 
opened to flow the potassium hydroxide aqueous solution 
in the addition vessel into the reaction vessel 301 at 
a prescribed flow rate by regulating the opening of 
the flow rate regulating valve, where the solution 

15 introduced into the reaction vessel and which was added 
with the potassium hydroxide aqueous solution was 
stirred by mean of the agitator WnJLLe adjusting the 
temperature of the solution to 70 *C by means of the 
temperature controlling equipment . 

2 0 The flow rate regulating valve of the reaction 

vessel 3 01 was opened to flow a product obtained in 
the reaction vessel into the product recovery vessel at 
a prescribed flow rate by regulating the opening of 
the flow rate regulating valve , where the temperature of 

25 the product recovery vessel was adjusted to 70 "C by means 



of the temperatiire controlling equipment. 

In -tlx© above, the flow rate of the flow rate 
regulating valve of the starting material addition 
vessel 302, that of the reducing agent addition vessel 303, 
5 that of the addition vessel 308 , that of the mixing vessel 
304 , and that of the reaction vessel 301 were adjusted so 
that they became 2;l = l-5s3i4.5 and that the solution 
stayed in tHe reaction vessel for 5 minutes; that is, the 
solution toolc 5 minutes to pass through the reaction 
10 vessel* 

In the above, the pH value of the solution in the 
mixing vessel 304 was examined, and as a result, the 
solution was found to have a pH value of 0.1. Similarly, 
the pH value of the solution in the reaction vessel 301, 
15 as a result, the solution was found to have a pH value of 
7.4 . 

Thereafter, the product in the product recovery 
vessel 3 09 was taken out, and it was washed with water, 
and vacuum- dried at 50 °C. Thus, there was obtained a 
20 Sn-Ni alloy power - 

A specimen of the resultant alloy powder was 
subjected to analysis by means of X-ray microanalysis 
(XMA) » As a result, only Sn and Ni were detected 
without other elements being detected. Then, the specimen 
25 was subjected to analysis by means of inductively coupled 
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plasma emission analysis (ICP). As a result, the content: of 
Sn and. that of Ni were found to be 63% and 37% 
respectively in terms of the atom number content. 

Separately, using an X-ray diffraction device 
RINT 2000 (produced by Kabusiki Kaisha RIGAKU) , a specimen 
of the resultant alloy powder was subjected to wide angle 
X-ray diffraction analysis using K a -rays of Cu as. a 
radiation source, which gave peaks having a widened half 
width appeared in a region of 2fl = 25* to so" And 
there were observed two main peaJts one at 2 6 = 30,9" 
and another at 2 0 = 43-8° in the X-ray diffraction chart, 
having a half width of o . 7 ° and that of o . 7 * 
respectively. The presence of these peaks having a wide 
half width indicates that the resultant alloy powder 
is amorphous. Separately, calculation was carried out 
on the basis of the half widths and the diffraction 
angles of these peaks and in accordance with the foregoing 
Scherrer's equation. As a result, there were obtained a 
crystallite size of 12 nm and another crystallite size of 
20 13 nm. 

In addition, a specimen of the resultant alloy 
powder was subjected to measurement of particle size 
distribution by means of a particle size distribution 
measuring equipment using a laser scattering method. As a 
result, it was found to have an average particle size of 
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0.24 jim and a particle size distribution of 0-05 to 0.75 
|xra. 

rurther, a. specimen of the resultant alloy powder 
was examined by means of a scanning electron microscope. 
As a' result, it was found that an average value of the 
[longest length of particle] /[shortest length of particle! 
is 1.2. From this result, the resultant alloy powder was 
found to comprise spherical particles. 

Further in addition, a specimen of the resultant 
alloy powder was subjected to measurement of specific 
surface area by means of a BET method using nitrogen gas . 
As a result, it was found to have a specific surface area 
of 78 m 2 /g. 

(2). Preparation of an electrode structural body as 
15 an anode 6 01: 

90 parts of the Sn-Ni alloy powder obtained in 
the above, 5 parts of a graphite powder as an 
electrically conductive auxiliary, 2 parts of polyvinyl 
alcohol, and 3 parts of carboxymethylcellulose were 

20 mixed to obtain a mixture, and the mixture was mixed 
with loo parts of water as a solvent, and stirred to 
obtain a paste-like product. The paste-like product was 
applied on a copper foil as a collector, followed by 
drying, and dried at ISO °C under reduced pressure. 

25 Thus, tbere was obtained an electrode structural 
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body as an anode 601. 

Comparative fe ampi p 1 
In this comparative example, there was prepared a 
rechargeable lithium battery having such cross-sectional 
structure as shown in FIG . 6 by repeating the procedures of 
Example 1 except that the anode was prepared using a 
S ii -powder prepared as will be described below. 

The rechargeable lithium battery obtained in this 
comparative example was evaluated with respect to its 
battery characteristics in the same manner as in Example 1 . 
The evaluated results are shown in Table 1. 
Preparation of anode 601: 

( 1 ) - Preparation of a Sn-powder an electrode material .- 
21. 0 parts of & pentahydrate of tin (IV) 
15 chloride, 75. 0 parts of a dihydrate of trisodium citrate, 
S.8 parts of ethylenediaminetetraacetic acid, and 6.8 
parts of a potassium acetate were mixed with 10 o parts 
of water and sufficiently stirred to obtain a mixed 
solution. The mixed solution was introduced into the 
reaction vessel 201 C provided with the starting material 
introduction device 202 , the reflux device 203, the gas 
introduction pipe 204 . the agitator 205 , and the temperature 
controlling equipment 206} shown in PIG. 2 through the 
starting material introduction device, and m order to 
maintain the inside of the reaction vessel in a nitrogen 
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gas atmosphere , nitrogen gas was introduced into the 
reaction vessel througb the gas introduction pipe, where 
excessive nitrogen gas was exhausted to the outside of 
the system through the reflux device. The reaction vessel 
having the mixed solution therein was heated to 70 t by 
means of the temperature controlling equipment (water bath ) . 
and the mixed solution in the reaction vessel was 
sufficiently stirred by means of the agitator. 

Then, a solution obtained by dissolving 23.1 
parts of a titanium (XXI) chloride in 73.3 parts of water 
was heated to 70 <t and added to the mi^ed solution in 
the reaction vessel through the starting material 
introduction device, followed by being sufficiently 
stirred. This adding and mixing step was performed within 
one minute. The pH value of the content in the reaction 
vessel was measured. As a result, it was found to have a 
pH value of o.i. 

Thereafter, a potassium hydroxide aqueous solution 
of 8N was added to the content in the reaction vessel 
20 through the starting material introduction device while 
stirring the solution, so that the pH value of the 
content became to be 7.0, and the content in the 
reaction vessel was subjected to a heat treatment at 70 °C 
for 30 minutes. The adding and mixing step of the potassium 
hydroxide aqueous solution here was performed within one 
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mi mi re - 

Thereafter, the content in the reaction vessel was 
taken out from the vessel, and it was washed with water, and 
vacuum- dried at 50 °C . Thus, there was obtained a 
Sn-power. 

A specimen of the result powder was subjected to 

analysis by means of X-ray microanalysis (XMA) . As a 

resuit, only sn was detected without other elements 

being detected. Separately, using an X-ray diffraction 

device RINT 2000 (produced by Kabusiki Kaisha RIGAKU) . a 

specimen of the resultant powder was subjected to wide 

angle X-ray diffraction analysis using K a -rays of Cu as 

a radiation source, and calculation was carried out 

on the basis of the half width and the diffraction 

15 angle in the X-ray diffraction analysis ia 

accordance with the foregoing Scherrer's equation. As a 

result, there was obtained a crystallite size of 52 nm. 

(2) . Preparation of an electrode structural body as 
an anode 601r 

90 parts of the Sn-powder obtained in the above, 
S parts of an acetylene black powder as an 
electrically conductive auxiliary. 2 parts of polyvinyl 
alcohol, and 3 parts of carboxyraethylcellulose were 
mixed to obtain a mixture, and the mixture was mixed 
with ioo parts of water as a solvent. and stirred to 
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obtain a paste-like product. The paste-lilce product was 
applied on a copper foil as a collector, followed by 
drying, and dried at 150 °C under reduced pressure. 

Thus, there was obtained an electrode structural 
body as an anode 601. 

Comparative Erampi «> ■> 
In this comparative example, there was prepared a 
rechargeable lithium battery having such cross-sectional 
structure as shown in pig. 6 by repeating the procedures of 
Example 1 except that the anode was prepared using a Sn-Ni 
amorphous alioy material (particulate) prepared as will be 
described below. 

The rechargeable lithium battery obtained in this 
comparative example was evaluated with respect to its 
battery characteristics in the same manner as in Example 1 . 
The evaluated results are shown in Table 1. 
Preparation of anode 601: 

CD. Preparation of an alloy powder as an electrode 
material : 

5.3 parts of a pentahydrate of tin (IV) 
chloride and lo.v parts of a hexahydrate of nickel (II) 
chloride were mixed with 100 parts of water and 
sufficiently stirred to obtain a mi*ed solution- The 
mised solution was introduced into the reaction vessel 
201 (provided with the starting material introduction 
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dev±ce 202, -che reflux device 203, the gas introduction pipe 
204, the agitator 205, and the temperature controlling 
equipment 206 } shown In FIG. 2 through the starting 
material introduction device, and in order to maintain the 
inside of the reaction vessel in a nitrogen gas 
atmosphere, nitrogen gas was introduced into the reaction 
vessel through the gas introduction pipe, where excessive 
argon gas was exhausted to the outside of the system 
through the reflux device. The reaction vessel having the 
mixed solution therein was heated to 70 *C by means of the 
temperature controlling equipment (water bath), and the 
mixed solution in the reaction vessel was sufficiently 
stirred by means of the agitator. 

Then, a solution obtained by dissolving 23.1 
15 parts of a titanium (III) chloride in 73.3 parts of water 
was heated to 70 t and added to the mixed solution in 
the reaction vessel through the starting material 
Introduction device, followed by being sufficiently 
stirred. This adding and mixing step was performed within 
20 one minute. The P H value of the solution in the reaction 
vessel was measured. As a result. it was found to have a 
pH value of 0 . 1 . 

Thereafter, a potassium hydroxide aqueous solution 
of 6N was added to the solution in the reaction vessel 
25 through the starting material introduction device while 



stirring the solution,, so that the pH value of the 
solution became to toe 8.0, and. the solution in the 
reaction vessel was subjected to a heat treatment at 70 °C 
for 30 min utes - The adding and mixing step of the potassium 
5 hydroxide aqueous solution here was performed within one 
minute. 

Thereafter, the content in the reaction vessel was 
taken out, and it was washed with water, and vacuum-dried 
at 50 °C . Thus, there was obtained a Sn-M alloy power. 
10 A specimen of the resultant alloy powder was 

subjected to analysis by means of X-ray microanalysis 
(XMA) . as a result, Sn, Ni, and O were detected without 
other elements being detected. Then, the specimen was 
subjected to analysis by means of inductively coupled 
15 plasma emission analysis (ICP). As a result, the content of 
Sn, that of Ni, and that of o were found to be 30%, 5*, and 
65% respectively in terms of the atom number content - 

Separately, a specimen of the resultant alloy 
powder was subjected to qualitative analysis using an x-ray 
20 diffraction apparatus. The result revealed that the 
alloy powder is mostly comprised- of thin oxide . 

Further, using an X-ray diffraction device RJNT 
20O0 (produced by Kabusiki Kaisha RXGAKU) , a specimen of 
the resultant alloy powder was subjected to wide angle X-ray 
dif faction analysis using Ka-rays of Cu as a radiation 
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souroe. As a result, there were observed two main 
peaJcs one at 2 6 = 26.7* and another at 20 - 51-9° in the 
X-ray dif fraction chart, having a half width of 0 .3° and 
that of 0.4° . respectively. Separately, calculation was 
5 carried out on the basis of the half widths and the 
diffraction angles of these peaks and in accordance with 
the foregoing Scherrer's equation. As a result, there were 
obtained a crystallite size of 28 nm and another 
crystallite size of 23 nm. 

10 (2). Preparation of an electrode structural body as 

an anode 601: 

90 parts of the alloy powder obtained in the 
above. 5 parts of an acetylene blaok powder as an 
electrically conductive auxiliary. 2 parts of polyvinyl 

15 alcohol, and 3 parts of carboxymethylcellulose were mixed 
to obtain a mixture, and the mixture was mixed with 100 
parts of water as a solvent, and stirred to obtain a 
paste-lifce product. The paste- like product was applied on 
a copper foil as a collector . followed by drying , and dried 

2 0 at 150 "C under reduced pressure. 

Thus, there was obtained an electrode structural 
body as an anode 601 . 

Compar-ative Example 3 
In this comparative example, there was prepared a 
25 rechargeable lithium battery having such cross-sectional 



structure as shown in fig. e by repeating the procedures of 
Example l except that the anode was prepared as will be 
described below. 

The rechargeable lithium battery obtained in this 
comparative example was evaluated with respect to its 
battexy characteristics in the same maimer as in Example 1 . 
The evaluated results are shown in Table 1. 
Preparation of an anode 601 : 

There were provided a cathode comprising a copper 
foil having a thickness of la » which has been degreased and 
washed using acetone and isopropyi alcohol and dried and an 
node comprising a tin plate which has been decreased a*>d 
washed using acetone and isopropyi alcohol and dried. 

The cathode and the anode was arranged in an 
electrolyte solution comprising 40 g/liter of a stannous 
sulfate. 60 g/l iter of sulfmric ac±<a , q£ ^ 

and water as a solvent so a* to have an interval between the 
cathode and the anode, where the electrolyte S ol«tion was 
maintained at 25 «G , wbi le stirx±ng the electrolyte 
solution, a direct current electric field was applied 
between the cathode and the anode to maXe the cathode have 
311 electtic current density of 10 mA/cm*, and under this 
condition. energisation of 20 C/cm* was conducted 
whereby a layer comprising a metallic tin material was 
formed on the copper foil as the cathode. 
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After the copper foil having the metallic tin 
material layer was washed with water, it was treated by 
Unmersing in an aqueous solution containing 60 g/liter of 
Na^o. - i2H 2 o dissolved therein maintained at 60 °C for one 
minute, and the copper foil thus treated was washed with 
water and dried at 150 t under reduced pressure . Thus, there 
was obtained an anode 601. 

Using an X-ray diffraction device RINT 2000 
(produced by Kabusiki Kalsha RIGAKU ) , a specimen of the 
electrode material layer of the anoda 601 was subjected to 
wide angle X-ray diffraction analysis using K a -rays of Cu 
aS aradiat ^n source, ^ calculation was carried out 
on the basis of the half width and the diffraction angle 
in the X-ray diffraction chart and in accordance with the 
foregoing Scherrer's equation. As a result, there was 
obtained a crystallite si ze of 57 nm. 

Comaara tiva Eacamnle A 
in this comparative example, there was prepared a 
rechargeable lithiu, battery having such cro SS - seo tlonal 
structure as shown in FIG. 6 by repeating the procedures of 
Example 1 except that the anode was prepared as will be 
described below. 

Tne rechargeable lithium battery obtained in this 
comparative example was evaluated with respect to its 
battery characteristics in the ™e m anner as in Example 1 
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The evaluated results axe shown in Table 1. 
Preparation of an anode 601s 

90 parts of a commercially available Sn-powder 
= parts of an acetylene blac, powder as an electrically 
conductive a uxil iai7 . and 5 parts of a polyvi^de^ 
fluoride powder were xoi.ed to obtain a mixture, and the 
mixture was mixed with loo parts of 

N-metbyl-2-pyrrolidone as a solvent, and stirred to 
obtain a paste-lifce product. The pa Ste -l ike product was 
applied on a copper roil as a collector, followed by 
drying, and dried at 150 1C under reduced pressure . Thus 
there was obtained an anode 601. 

Now, Using an X-ray diffraction device RINT 20O0 

(produced by Kabusiki Kaisha RIGAktt i ,. 

«v<au.axia Kxtr/ucu) , a specimen of 

aforesaid ooirmercialiy wailllMe Sn-powder 

sutler** t o a» ale x _ raJ . ^^^ oa malrsis ns±ji9 R 

xn ao=o ra »n ce wlUl th « ro „ goina eauatlon ^ a 

result. a,«, ... obtains a cry^ute s u. of so n™. 

ComDaratiye Example 5 
in this comparative example, there was prepared a 
rechargeable lithium battery having such cross -sectional 
structure as shown in FIG. 6 by repeat!^ the procedure, 
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of Example 1 except that the anode was prepared usi^g a 
Zn-powdex prepared as will be described below. 

The rechargeable lithium battery obtained In this 
comparative example was evaluated with respect to its 
battery characteristics in the same manner as in Example i. 
The evaluated results are shown in Table 1. 
Preparation of anode 601: 

(1). Preparation of a Zn-powder as an tetrode 
material : 

6-1 parts of a zinc (II) chloride. 40 parts 
of a dihydrate of trisodium citrate, and 4.2 parts of 
ethylenediaminetetraaoetic acid were mixed with 100 parts 
of water and sufficiently stirred to obtain a mixed 
solution. The mixed solution was introduced into the 
reaction vessel 201 (provided with the starting material 
introduction device 202, the reflux device 203, the gas 
introduction pipe 204, the agitator 205. and the 
temperature controlling equipment 206) shown in FIG. 2 
through the starting material introduction device, and 
in order to maintain the inside of the reaction vessel in 
an inert ga* atmosphere, argon gas was introduced into 
the reaction vessel through the gas introduction pipe, 
where excessive argon gas was exhausted to the outside of 
tbe system through the reflux device. The reaction vessel 
baving the mixed solution therein was heated to 70 t by 



means of the temperature controlling equipueat ( war er tiatn ) , 
and the miaced aoluti TO in the reaotioa vessel w« 
sufficiently stirred toy means of the agitator. 

Then. a solution obtained by dissolving 25.0 
parts of a sodium hypophosphite as a reducing agent in 
75 parts of water was heated to 70 t ^ added to the 
mixed solution in the reaction vessel tbroiigh the 
starting material introduction device wKi le stirring the 
mixed solution, followed by subjecting to a heat treatment 
at 70 °C for one hour. This adding and ra ^ ing step was 
performed within one minute. The p H value of the content 
in the reaction vessel was measured. As a result, it was 
found to have a pH value of 6.5. 

Thereafter, the content in the reaction vessel was 
taxen out. and it w as washed with water, and vacuum-dried 
at so <C. Thus, there was obtained, a Zn-power. 

A specimen of the resultant powder was subjected 
to analysis by means of X-ray microanalysis (XMA) As a 

-SUlt, 0nl y Zn was detect;ed elemeni:s 

beiug detected. Then, u^g an X-ray diffraction device 
RIKT 2 0CO (produced by Kabusifci Kaisha KXOAKU) . * specimen 
of the resultant powder was subjected to wide angle 
X-ray diffraction analysis using K ex -rays of Cu as a 
radiation source, and calculation was carried out 
on the basis of the half width and the diffracti 
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angle in the X-ray diffraction chart and in accordance with 
the foregoing Soherrer's equation. As a result, there was 
obtained a crystallite size of SI nm_ 

(2) . Preparation of an electrode structural body as 
5 an -anode 6 01: 

90 parts of the Zn-powder obtained in the above, 
5 parts of an acetylene hlack powder as an electrically 
conductive auxiliary, and 5 parts of a polyvinylidene 
fluoride powder were mixed to obtain a mixture, and the 
10 mixture was mixed with 100 parts of 

N-n.ethyl-2-pyrrolidone as a solvent. and stirred to 
obtain a paste-like product. The paste-like product was 
applied on a copper foil aa a collector, followed by 
drying, and dried at 150 "C under- reduced pressure. 

Thus, there was obtained an electrode structural 
body as an anode 6oi_ 

gomparativft Example a 
In this comparative example, there was prepared a 
rechargeable litbium battery Having such cross -sectional 
structure as shown in FIG- 6 by repeating the procedures of 
Example l except that the anode was prepared using a 
In-powder prepared as will be described below. 

The rechargeable lithium battery obtained in this 
comparative example was evaluated with respect to its 
battery characteristics in the same manner as in Example 1. 
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The evaluated results are shown in Table 1. 
Preparation of anode 601: 

( 1 ) - Preparation of an In -powder as an electrode 
material : 

5 4.5 parts of a indium ( in ) chloride , 40 . o parts 

of a dliydrate of trisodium citrate and 4.2 parts of a 
disodium ethylenediaminetetraacete were mixed with 100 
parts of water and sufficiently stirred to obtain a 
mixed solution. The mixed solution was Introduced into 

10 the reaction vessel 201 {provided with the starting 

material introduction device 202, the reflux device 203, 
the gas introduction pipe 204, the agitator 205, and the 
temperature controlling equipment 206) shown in FIG. 2 
through the starting material introduction device, and in 

15 order to maintain the inside of the reaction vessel in an 
inert gas atmosphere, argon gas was introduced into the 
reaction vessel through the gas introduction pipe, where 
excessive argon gas was exhausted to the outside of the 
system through the reflux device. The reaction vessel 

20 having the aUced solution therein was heated to 70 *C by 
means of the temperature controlling equipment (water bath) , 
and the mixed solution in the reaction vessel was 
sufficiently stirred by means of the agitator. 

Then, a solution obtained by dissolving 7.5 
25 parts of a sodium hypophosphite as a reducing agent in 
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25 parts of water was heated to 70 t and added to the 
content in the reaotion vessel through the starting 
material Introduction device while stirring the content, 
followed by subjecting a heat treatment at 70 t for one 
hour. This adding and nuking step was performed within one 
minute. The pH value of the content in the reaction 
vessel was measured. As a result, it was found to have a 
pH value of 6.5. 

Thereafter, the content in the reaction vessel was 
taken out, and it was washed with water, and vacuum-dried 
at 50 °C. Thus, there was obtained an In -power. 

A specimen of the resultant powder was subjected 
to analysis by means of X-ray microanalysis ( XMA) . As a 
result, only In was detected without other elements 
15 being detected. Then, using an X-ray diffraction device 
RINT 2000 (produced by Kabusiki Kaisha RIGAJKU ) , a specimen 
of the resultant powder was subjected to wide angle 
X-ray diffraction analysis using K a. -rays of Cu as a 
radiation source, and calculation was carried out 
20 on the basis of the half width and the diffraction 
angle in the X-ray diffraction chart and in accordance with 
the foregoing Scherrer's equation. As a result, there was 
obtained a crystallite size of 53 nra. 

(2) . Preparation of an electrode structural body as 
25 an anode 601: 



90 parts of the in-powderobtainedintheabove, 
5 parts of an acetyl^ blade powder as an electrically 
COada ° tiVft —i^a^, and 5 p^ts of a polyviaylideae 
fluoride powder were zoixed to obtain a mixture, and the 
5 mixture was mi^a with loo paJrts of 

N-methyl-2-pvrrolldone as a solvent, and stirred to 
obtain a paste-like product. The paste-like product was 
applied on a copper foil as a collector, followed by 
trying, and dried at ISO 'C under reduced pressure. 
10 Thus, there was obtained an electrode structural 

body as an anode 601. 

Table 1 illustrates the evaluated battery 
characteristics of tte ^chargeable lithium batteries 
obtained in Examples 1-12 and Comparative Examples l- 6 . In 
15 Table 1, the values of Examples 2-9 and 12 and those of 
comparative Examples X _ 4 are normally values when the 
values of Exaraple X are set at 100. Saj nii wiy , the values 
of Comparative Example 5 ere n 0rnall2ed values when ^ 
values of Example 10 ra set at 100. and the values of 
20 Comparative Example 6 are normalised values when the 
values of Example 11 are set at 100. 

A- Table 1 illustrates, it is understood that when 
of the amorphous alloy materials prepared in Examples 
1-12 is used as an electrode material constituting the anode 
25 °* " ~ C * aWab:Le ^tery, there can be attained a 



high performance rechargeable lithium battery which excels 
in the battery capacity and charge- and- discharge Coulombic 
efficiency and. markedly excels particularly in the charging 
and discharging cycle life. 
5 As detailed in the above, according to the present 

invention, it is possible to stably produce a highly 
reliable electrode material for a rechargeable lithium 
battery at a high yield and a reasonable production cost . 
said electrode material comprising a specific amorphous 
10 alloy material (particulate) which has excellent 
characteristics and comprises particles which are 
complete and uniform in terms of particle form and which 
contain impurity a little. 

The use of said electrode material makes it possible 
to. industrially produce a high performance rechargeable 
lithium battery having excellent battery characteristics 
and a prolonged charging and discharging cycle life at a 
reasonable production cost. 
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Table 1 





battery capacity 
*1 


cl^arge-ajid-discharge 
Coulomhic efficiency 


charging and 
disehaxgmg cycle life 
*3 


Example 1 


10 0 


10 0 


10 0 


Example 2 


10 9 


10 6 


12 2 1 


Example 3 


10 5 


9 8 


10 1 


Example 4 


10 0 


10 1 


10 7 


Example 5 


9 8 


9 9 


10 3 


Example 6 


10 0 


9 9 


9 5 


Example 7 


9 S 


9 3 


9 1 


Example 8 


110 


1 0 5 


13 1 


Example 9 


10 9 


10 0 


10 0 


Example 12 


10 1 


10 0 


10 1 


Comparative 
Example 1 


111 


6 5 




Comparative 
Example 2 


5 9 


S 3 




Comp arative 
Example 3 


110 


6 2 




Comp aur ative 
Example 4 


10 5 


4 3 


2 3 


Bxajcaple 10 


10 0 


10 0 


10 0 


Comparative 
ExampLe 5 


10 2 


8 7 


5 7 


Example 11 


10 0 


10 0 


10 0 


Comparative 
Example 6 


10 7 


7 5 


5 1 



1 : A value per unit weight obtained fto» a disahar^d electricity quantity provided 
» the third cycle. The value of each of Examples 2-9 and 12 and Comparative 
EWples 1-1 is a value relative to th, ^ue of Example 1, which is set at 100 
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The value of Comparative Example 5 ia a. value relative to the value of Example 10. 
which, is set at 100. The value of Comparative Example 6 is a value relative to 
the value of Example 11, which is set at 100. 

*2 : A value based on a proportion of the discharges electric quantity to the charged 
electric quantity in the capacity test. The value of each of Examples 2 9 and 12 
and Comparative Examples 1-4 is a value relative to the value of Example l, 
which is set at 100. The value of Comparative Example 5 is a value relative to* 
the value of Example 10, which i« set at 100. The value of Comparative Example 
6 is a value relative to the value of Example 11. which is set at 100. 

*3 : A value based on the number of the charin g and discharging cycles when the 
initial battery capacity became less than 60% in the charging and discharging 
cycle test. The value Of each of Examples 2-9 and 12 aad Comparative Examples 
1-4 is a value relative co the value of Example 1, which is set at 100. The value of 
Comparative Example 5 is a value relative to the value of Example 10, which is set 
at 100. The value of Comparative Example 6 is a value relative to the value of 
Example 11, which is set at 100. 



